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SUMMARY
Summary.
P a r t i a l  asym m etric sy n th e s is  du rin g  th e  Reform atsky re a c t io n  
has been s tu d ie d  in  o rd e r  to  a s c e r ta in  what f a c to r s  may be of 
im portance in  d e term in ing  th e  degree o f asymmetries s y n th e s is ,  and which 
o f th e  two enan tiom eric  {3-hydroxy-acids i s  o b ta in ed  in  e x ce ss„
were com plete ly  hyd ro lysed  to  fu rn is h  th e  P -h y d roxy-acids, which were 
examined p o la r im e t r lc a l ly
In  g e n e ra l, rep lacem ent o f ( - )-m e n th y l by ( - ) - b o m y l  le d  to  
an  excess o f th e  o p p o s ite  enantiom er o f th e  p-hydroxy~acidj however, 
w ith  cyclohexy l phenyl ke tone  o r w ith  OHnethylbenzophenone a predom inance 
o f th e  same enantiom er was o b ta in ed  I r r e s p e c t iv e  o f which e s te r  was 
u sed .
A ttem pts were made to  c o r r e la te  th e  c o n f ig u ra tio n  o f 
P-cyclohexyl~P—hydroxy-p -pheny lp rop ion ic  a c id  and o f
P -hydroxy -p -p h en y l-p -C cv -to ly l)-p ro p io n ic  a c id  w ith  th a t  o f cy c lo h ex y l- 
p h e n y lc a rb in c l and o f e th y lp h e n y lc a rb in o l r e s p e c t iv e ly .
R.C0.R%  BrCH2,C02R* — ^  RRtyoZnBrJ.CH^CC^R*
r r 'c ( g h ) ,c h 2 .co 2h
V arious carbony l compounds were t r e a te d  w ith  ( - ) —m enthyl 
b rom oaceta te , and w ith  (+ ) -  o r  ( - ) -b o rn y l  b rom oaceta te j th e  p ro d u c ts
( i i i )
(+)-(3~C yclohexyl-$-hydroxypropionic a c id  was shown to  be th e  (R)~form? 
by c o r r e la t io n  w ith  (+ )-^-hydroxy“ p -p h e ry lp ro p io n ic  acid*  I t  was 
confirm ed th a t  (+)-(3-hydroxy~(3~phenyrbutyric a c id  was th e  (S^-form , 
by c o r r e la t io n  w ith  ( - ) -p -p h e n y lb u ty r ic  a c id .
The r e s u l t s  o b ta in ed  have been d iscu ssed  w ith  p a r t i c u la r  re fe re n c e  
to  th e  s te re o c h e m is try  and mechanism o f the  Reform atsky re a c tio n *  A 
h y p o th esis  i s  proposed in  which th e  c o n f ig u ra tio n  o f th e  (3-hydroxy-acid 
formed in  excess i s  r e la te d  to  th e  s te re o c h e m is try  o f th e  dissym m etric
'if
group (R )*
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S E C T I O N  I
INTRODUCTION
I .  INTRODUCTION
( i )  The Reform atsky R eaction
S.N. R eform atsky, in  1887, found th a t  carbony l compounds re a c te d  
w ith  e s te r s  o f a -h a lo g en o -ac id s  i n  th e  p resen ce  o f z inc  to  g iv e , a f t e r  
tre a tm e n t o f th e  r e a c t io n  m ix tu re  w ith  d i lu t e  su lp h u ric  a c id , p-hydroxy 
e s te r s  [ l ] .  G en era lly , th e  a-bromo-compounds a re  used in  th e  Reform atsky 
r e a c t io n ,  th e  a -c h lo ro a c e ta te s  o f te n  r e a c t in g  slow ly  o r no t a t  a l l ,  and
o
th e  a - io < |e s te rs  b e in g  le s s  r e a d i ly  a v a i la b le .  
r '.CO.R* * + BrCH2 .C02R — r Y  !C(0ZnBr).CH2*C02R 
I  I I  H+
r *r ! , c ( oh) . ch2#co2h {—  r *r , , c( oh) ; ch2 , co2r
IV I I I
The e a r ly  experim ents were perform ed in  th e  absence o f  a  so lv e n t
[2, 3 ]» b u t th e  use o f a s o lv e n t ,  such as benzene, has been found 
to  perm it b e t t e r  c o n tro l  o f th e  i n i t i a l ,  exotherm ic ,  r e a c t io n  M .
Indeed , th e  most common so lv e n t f o r  th e  Reform atsky r e a c t io n
i s  s t i l l  benzene, a lthough  i t  has been shown th a t  e th er-b en zen e  g iv es  th e
p roduct in  b e t t e r  y i e ld - [ 5]•
H y d ro ly sis  o f th e  p ro d u c t from th e  Reform atsky r e a c t io n  ( i l l  - 4  IV) 
w ith  a lk a l i  fu rn ish e s  th e  P -hydroxy-acid , and t h i s  i s  th e  most common method 
f o r  th e  p re p a ra t io n  o f t h i s  type  o f compound* I t  i s  notew orthy th a t  i f  th e
l i t
groups R and R a re  d i f f e r e n t  a new c e n tre  o f asymmetry, a t  C^, i s  
formed in  th e  course  o f th e  Reform atsky r e a c t io n .
( i i )  P a r t i a l  Asymmetric S y n th es is  d u rin g  th e  Reform atsky R eac tion  
and R ela ted  R eactions
In  1949, Reid and T urner [6 ] found th a t  i f  (- )-m en th y l brom oacetate  
( H i  R = ( - )  -m enthy l) and acetophenone ( i ;  R = Ph, R = Me) were used  
th e  p -hydroxy-P -pheny lbu ty ric  a c id  o b ta in ed  a f t e r  com plete h y d ro ly s is  was 
o p t ic a l ly  a c t iv e ,  a lthough  n o t o p t ic a l ly  p u re . This i s  in  c o n tr a s t  to  
r e s u l t s  o b ta in ed  when no dissym m etric group i s  p re s e n t;  th e  m ethyl e s t e r  
fu rn is h in g .u l t im a te ly  th e  racem ic p -h y d ro x y -ac id . With th e  m enthyl e s t e r  
th e  two d ia s te re o iso m e ric  e s te r s  ( i l l ) ,  must have been formed in  unequal 
amounts, and an asymmetric r e a c t io n  i s  s a id  to  have occu rred ; on h y d ro ly s is  
o f th e  e s t e r ,  whereby th e  o r ig in a l  asymmetric c e n tre  i s  removed, th e  
p -hydroxy-acid  o b ta in ed  i s  o p t ic a l ly  a c t iv e  and a p a r t i a l  asymm etric 
sy n th e s is  i s  s a id  to  have tak en  p la c e .
The Reform atsky r e a c t io n  i s  co n sid e red  to  in v o lv e  th e  i n i t i a l  
fo rm atio n  o f an organozinc in te rm e d ia te  (perhaps analogous to  a  G rignard 
re a g e n t)  which th en  adds to  th e  carbony l group [7 ,8 ,9 ]*  C onsequently , i t  
i s  o f i n t e r e s t  to  c o n s id e r some o th e r  cases  in  which an asym m etric r e a c t io n  
occurs as a r e s u l t  o f a d d it io n  o f an o rg an o m e ta llic  compound to  a carbony l 
group.
The example j u s t  d e sc rib e d  was th e  f i r s t  one o f p a r t i a l  asymm etric 
sy n th e s is  o c cu rrin g  when th e  asymmetric group was lo c a te d  in  th e  orgaho-
m e ta ll ic  r e a c ta n t ,  r a th e r  th an  i n  th e  same m olecule as th e  carbony l 
group. P rev io u s ly  Brokaw and Brode [ lo ]  had found no ev idence o f an 
asymmetric r e a c t io n  whon (-)-am ylm agnesium  bromide re a c te d  w ith  m ethyl 
e th y l k e to n e :
CH5 .CH2 .CH(CH3 ).CH2MgBr + CH^.CO.CH^H^
(-)
CH .CH2.CH(CH,),CH2.C(0H)CH3.CH2CE5 
-) (±)
Since 1949 th e  occu rrence  o f t h i s  type  o f asymm etric s y n th e s is ,  
where th e  carbony l group and th e  asymmetric c e n tre  a re  i n  d i f f e r e n t  
m olecu les, has been re p o r te d  in  r e a c t io n s  o th e r  th a n  th e  Reform atsky 
r e a c t io n .  S is id o , Kumazawa and Rozaki [ l l ]  s tu d ie d  th e  r e a c t io n  o f v a r io u s  
ketones w ith  a c e ta te s  i n  th e  p resence  o f diethylam inom agnesium  bromide 
(" a ld o l  type" c o n d en sa tio n ):
r!c0.e'+ BrMg+(CH .CCLE*)' ) R R* 'c(OMgBr).CH2.C02R *
I
r ,r " c(o h).ch2.co2h
They s ta te d  th a t  " th i s  r e a c t io n  proceeds a p p a re n tly  th rough  th e  e n o la te  
an ion  o f th e  a c e ta te  which adds to  th e  carbony l group o f th e  k e to n e ; hence 
i t  seems th a t  t h i s  r e a c t io n  ta k es  e s s e n t i a l ly  th e  same course  as th e  
Reform atsky r e a c t io n " .  In  t h i s  type  o f co n d en sa tio n  between (-)-m e n th y l 
o r  (+ )-b o rn y l a c e ta te  and v a rio u s  s u b s t i tu te d  phenyl a r y l  k e to n e s , th e
-5 -
r e a c t io n  was g e n e ra lly  accompanied by p a r t i a l  a sy m m etric  s y n th e s is ,  as 
was shown by h y d ro ly s is  o f  th e  r e s u l t in g  e s te r s  to  o p t ic a l ly  a c t iv e  
{3-hydroxy-acids i n  good y ie ld .  T yp ical r e s u l t s  a re  l i s t e d  below:
CgHp-COR Sign  o f  r o ta t io n  o f  g -hydroxy-ac id  from :
R (-)-m en th y l a c e ta te  (+ )-b o rn y l a c e ta te
g-MeOC6H4 (+) (+)
g-MeCgH4 (+) (+)
g-ClCgH, In a c t iv e  (+)
0-MeCgH4 ( - )  (+)
o,p-(Me)2 .CgHa ' ( - )  (+)
a-C10H17 (+ ) (+)
I t  i s  o f i n t e r e s t  th a t  w ith  o -m e th y 1 -su b s titu te d  benzophenones th e  
(-)-m e n th y l and th e  (+ )-ho rny1 groups le d  to  th e  fo rm atio n  o f g-hydroxy- 
a c id s  w ith  o p p o s ite  s ig n  o f r o ta t io n ,  whereas in  th e  o th e r  c ase s  p ro d u c ts  
w ith  th e  same s ig n  o f r o ta t io n  were o b ta in e d . A lthough a rea so n ab le  degree 
o f asymm etric sy n th e s is  was o b ta in ed  w ith  p-methoxybenzophenone, l i t t l e  o r 
no asymm etric r e a c t io n  occu rred  w ith  p -c h lo ro -  o r p -m eth y l- benzophenone.
S is id o  and co-w orkers H akanisi and Nozaki [ 12] have a lso  shown th a t  
p a r t i a l  asymm etric sy n th e s is  can occur du rin g  th e  Darzens r e a c t io n .  
C ondensation o f e i th e r  ( -)-m e n th y l o r  (+ )-b o rn y l c h lo ro a c e ta te  w ith  
acetophenone in  th e  p resence  o f  po tassium  t-b u to x id e , fo llow ed  by re d u c tio n  
of th e  r e s u l t in g  e p o x y -e s te r  w ith  l i th iu m  aluminium h y d rid e , gave 
( - ) -3 ~ p h e n y lb u ta n e - l ,3 -d io l .  With each o f th e  o p t ic a l ly  a c t iv e  e s te r s  th e
l
same isom er o f th e  d io l  predom inated .
+ cich2 . co2r* t
PhC(CHJ.CHCl.CO R*
1 |
0* ~CI~
4 /
Ml(CH3).CH2.CH2QH f
LiAlH4OH
R* = ( - ) -m e n th y l,(+ )-b o rn y l
B efore 1949, p a r t i a l  asym m etric s y n th e s is  had been in v e s t ig a te d  in  I
system s w here, in  c o n tra s t  to  th e  work d iscu ssed  so f a r ,  th e  " f ix e d  c e n tre  
o f asymmetry" was p re s e n t in  th e  same m olecule as th e  u n s a tu ra te d  group. ^
The f i r s t  example o f such an asymm etric s y n th e s is  was p u b lish ed  by McKenzie i
in  1904 [ l3 ]»  he found th a t  com plete h y d ro ly s is  o f th e  p ro d u c t o b ta in ed  j
from th e  in te r a c t io n  o f methylmagnesium io d id e  and (-)-m e n th y l benzoylform ate |
gave o p t ic a l ly  a c t iv e  a t r o l a c t i e  a c id . McKenzie [ 14] a lso  dem onstrated
th a t  p a r t i a l  asymm etric s y n th e s is  cou ld  occur in  re a c t io n s  o f t h i s  type  j:
f
when ( - ) -b o rn y l  benzoylform ate  was used ; in  bo th  in s ta n c e s  th e  same an tipode  J
I-
was formed in  e x ce ss . I
Ph. CO
Ph(Me)C(0H)i;02H
In  th e  1 9 5 0 's  P re lo g  and h is  c o lle a g u e s  [ l5 ]  made an ex ten s iv e  s tu d y
o f th e  work o f McKenzie and h is  sch o o l. They found i t  p o s s ib le  to  c o r r e la te
th e  s ig n  o f r o ta t io n  o f th e  predom inating  isom er of a t r o l a c t i c  a c id  w ith  
th e  c o n f ig u ra tio n  o f th e  o p t ic a l ly  a c t iv e  a lco h o l which a c ts  as an a u x i l ia r y
ac id  (IX) was u l t im a te ly  o b ta in ed  from th e  in t e r a c t io n  o f methylmagnesium 
io d id e  and th e  benzoylform ate  o f an a lco h o l o f th e  c o n f ig u ra tio n  d ep ic ted  
in  (v),  where !S ! , *M*, and *L! r e f e r  to  th e  r e l a t i v e  s iz e s  o f th e  groups 
d i r e c t ly  a tta c h e d  to  th e  asymm etric carbon atom, *L! be ing  th e  l a r g e s t  group 
and *S* th e  s m a lle s t  g roup. In  th e  case  o f a c y c lic  a lc o h o ls , such as 
(-)-m en th o l ( v i )  and ( - ) -b o rn e o l  (V I l) ,  th e  assessm ent o f th e  r e l a t i v e  s iz e s  
o f th e  groups was based on th e  degree o f s u b s t i t u t io n  o f th e  r in g  carbon 
atoms d i r e c t ly  a tta c h e d  to  th e  asymmetric c e n tr e ;  b o th  (- )-m e n th o l and 
( - ) -b o rn e o l would then  be e q u iv a le n t to  (v) .  He
P re lo g  and co-w orkers suggested  th a t  r e s u l t s  from th i s  type  o f r e a c t io n  
cou ld  be ex p la in ed  i f  th e  k e to - e s te r  was co n sid e red  to  r e a c t  in  th e  
conform ation  re p re s e n te d .in  ( V I I l ) ,  th e  two C=0 groups be ing  a n t i - p a r a l l e l  
and th e  asymm etric group b e in g  o r ie n ta te d  as shown; th en  th e  G rignard  
re a g en t would a t ta c k  from th e  l e a s t  h in d e red  s id e .
reag en t in  th e  asymmetric s y n th e s is .  They concluded th a t  ( - ) - a t r o l a c t i c
Pr
Lt
(v)
H \M e  
(VI) (V II)
If M0 MeMgl <( *
Ph. .C _  G
7111 CO„H ^  C
■ 2f HO 'Me
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A p p lic a tio n  o f P re lo g ’ s h y p o th e s is  to  v a r io u s  examples (abou t 4 5 ), 
p re v io u s ly  s tu d ie d  b y  McKenzie [17], where th e  c o n f ig u ra tio n  o f th e  
o p t ic a l ly  a c t iv e  a lc o h o l was a lre a d y  known, gave in d ep en d en tly  th e  c o r re c t  
c o n f ig u ra tio n  o f th e  d is sy m e tr ic  re a g e n t. A s im ila r  e x p lan a tio n  was g iven  by 
Cram [ l6 ]  to  account f o r  th e  s t e r i c  co u rse  o f a d d it io n  o f a  G rignard re a g en t 
to  a carbony l group which was d i r e c t l y  a d ja c e n t to  an asymmetric carbon atom.
In  th e  co u rse  o f s tu d ie d  on th e  p a r t i a l  asymmetric sy n th e s is  of 
f3-hydroxy-acids Reid and Palm er [ l8 ]  a lso  used th e  ( - ) -b o rn y l  e s t e r  as 
th e  d issym m etric re a g e n t in  th e  Reform atsky r e a c t io n ,  and found th a t  i n t e r ­
a c tio n  w ith  acetophenone was accompanied by p a r t i a l  asymm etric s y n th e s is ,  
as shown by h y d ro ly s is  o f  th e  r e s u l t in g  e s t e r  to  (-)-|3 -hydroxy-f3-phenyl- 
b u ty r ic  a c id . When th e  (-)-m e n th y l e s t e r  had been used  a preponderance o f
th e  (+ )-h y d ro x y -ac id  was o b ta in e d .
S im ila r  experim ents [ l9 ]  were perform ed w ith  benzaldehyde in  o rd e r 
to  s tudy  th e  e f f e c t  o f re p la c in g  th e  m ethyl group by hydrogen. The re a c t io n  
o f (-)~m enthyl b rom oacetate  w ith  benzaldehyde u l t im a te ly  gave 
(-)~ £ -h y d ro x y -p -p h en y lp ro p io n ic  a c id  and as w ith  acetophenone ( - ) -b o rn y l  
brom oacetate gave th e  hydroxy-ac id  w ith  o p p o s ite  s ig n  o f r o ta t io n .  These 
r e s u l t s  to g e th e r  w ith  th e  degree o f asymm etric s y n th e s is  o b ta in ed  a re  
summarised below:
ph  ’ ‘v * Zn 1 / V *
C=0 + BrCH_.C0oR & PhC(0ZnBr).CH„.C0pR
°6H6 j
R^hC^OH) #CH2*C02H
Ph^ 8-hydroxy-acid
e '-
c=o BrCH2C02R Degree o f 
asymmetric
s ig n
of
I
R
*
R sy n th e s is r o ta t io n
Me (-)-m e n th y l (+)
( - ) -b o rn y l 15$ ( - )
H ( - ) -m enthyl 15$ ( - )
( - ) -b o rn y l ;15$ (+)
th e r e l a t i v e  e f f e c t  o f th e  (-)-m e n th y l and ( - ) -b o m y l
s t e r i c  course  o f th e  Reform atsky re a c t io n ^ is  c o n tra ry  to  th a t  i n  th e  
McKenzie-tjrpe asymm etric s y n th e s is ,  a lth o u g h  i t  i s  comparable w ith  some 
o f th e  r e s u l t s  o b ta in ed  by S is id o  and co-w orkers (se e  p . b)*
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Furtherm ore, Reid and Palm er [ 19] s tu d ie d  th e  r e a c t io n  o f a  number 
o f n - a l ip h a t ic  aldehydes w ith  ( - ) -m enthyl brom oacetate  under " c l a s s i c a l ” 
Reformatsky c o n d itio n s . The |3-hydroxy-acids u l t im a te ly  o b ta in ed  had 
s l ig h t  o r no o p t ic a l  a c t i v i t y ;  th e  r o ta t io n s  o f th e  r e s u l t in g  hydroxy-acids 
a re  summarised below:
Aldehyde g rM feP .y ^ e l d  l i t e r a t u r e
CJCCHO -0 .0 3 °  (c 3 .07  i n  w ater) 202 5 —
n-C^H^CHO 0 .00  (c 1 .8  in  chloroform )
n-C.-H. „CH0 -0 .0 5  (c  10.26 in  ch loroform ) 21— o 15 —
n-C^H^^CHO -0 .0 5  (c. 9 .63  in  ch lo ro fo rm ) 22
The c o n f ig u ra tio n s  o f th e se  o p t ic a l ly  a c t iv e  {3-hydroxy a c id s  a re  known 
from th e  l i t e r a t u r e  (se e  t a b l e ) ,  and in  a l l  cases  a c id s  w ith  th e  same s ig n  
o f r o ta t io n  have s im i la r  c o n f ig u ra tio n s , th e  c o n f ig u ra tio n  o f th e  la e v o ro -  
ta to r y  a c id s  b e in g  as d e p ic ted  in  X; R = n -a lk y l :
ch2 . co2h
H O -  C OH
k  x
Moreover, th e  a b so lu te  c o n f ig u ra t io n  o f p-hydroxy-f3-phenylpropionic a c id  
has been determ ined  [ 23, 24 , 25] ,  and th e  la e v o ro ta to ry  a c id ,  w hich was 
o b ta in ed  when (-)-m e n th y l brom oacetate  was u sed , has a ls o  th e  c o n f ig u ra tio n  
d ep ic ted  in  ( ’ X; R =s P h ) . Thus, i n  th e  l im ite d  number o f c ases  so f a r  
in v e s t ig a te d  when in te r a c t io n  o f ( -)-m e n th y l brom oacetate  and an aldehyde
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under ’b la s s ic a l"  Reform atsky c o n d itio n s  le ad s  to  p a r t i a l  asym m etric sy n th e s is  
o f the  p -hydroxy-acid , th e  (~)«m enthyl group le a d s  to  th e  fo rm atio n  o f a 
preponderance o f th a t  isom er which has th e  c o n f ig u ra tio n  shown in  ( X ) .
( i i i )  P re se n t I n v e s t ig a t io n
I t  has been e s ta b l is h e d  p re v io u s ly  t h a t  p a r t i a l  asymm etric sy n th e s is  
can occur in  re a c t io n s  such as th e  R eform atsky r e a c t io n ,  when an organometalHD 
compound adds to  a  carbony l group and the  " f ix e d  c e n tre  o f asymmetry" i s  in  
the  o rg an o m eta llic  m olecule r a th e r  th an  in  the  m olecule c o n ta in in g  th e  
carbony l group. However, th e  number of examples d e sc rib e d  i s  l im i te d ,  and 
only  in  a few case s  can th e  c o n f ig u ra tio n  o f the  o p t ic a l ly  a c t iv e  bromo­
a c e ta te  and o f th e  r e s u l t in g  {3°hydroxy-acid be r e l a t e d .  Thus, i t  appeared  
th a t  i t  would be p r o f i ta b le  to  s tu d y  t h i s  type o f r e a c t io n  f u r th e r  w ith  a 
view to  e lu c id a t in g  what f a c to r s  a re  o f im portance in  determ in ing  the  
stereochem ical course  o f a d d it io n  to  th e  carbony l group. I t  was hoped 
th a t  such an in v e s t ig a t io n  m ig h t, i n d i r e c t l y ,  shed some l i g h t  on th e  
mechanism of th e  Reform atsky r e a c t io n .
From th e  ex p erim en ta l p o in t  o f view th e  in v e s t ig a t io n  e n ta i le d :
(a )  a s tudy  o f th e  e f f e c t  o f v a r i a t io n  in  th e  s t r u c tu r e  o f th e  
carbony l compound on asym m etric s y n th e s is ,
(b) a com parison o f th e  e f f e c t  o f th e  m enthyl and o f the  b o ray l 
group on asym m etric s y n th e s is ,
(c) a s tudy  o f methods f o r  de term in in g  th e  a b so lu te  c o n f ig u ra tio n s  
o f the  {3~hydroxy-acids o b ta in e d .
S E C T I O N  I I
PREPARATION OP INTERMEDIATES
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I I  PREPARATION OF INTERMEDIATES
( i )  P re p a ra tio n  o f  O p tic a l ly  A ctive  E s te r s  o f  B rom oacetic Acid
(a )  P re p a ra tio n  o f  (-)-M en thy l B rom oacetate
This compound was f i r s t  p rep a red  by Sm iles [263 by th e  in te r a c t io n  o f  
brom oacetyl bromide and (-)-m en th o l in  ch loroform  s o lu t io n ;  C h ris to p h e r and 
H ild itc h  [27] p rep a red  th e  e s t e r  s im i la r ly ,  and th e  r e a c t io n  has a lso  been  j
I
f
c a r r ie d  ou t in  th e  absence o f  a so lv e n t [1 8 , 283* M oreover, R eid  and T urner |
[6 ]  found t h a t  th e  use o f th e  brom o-acyl c h lo r id e  in s te a d  o f th e  brom o-acyl |
' "  I:
bromide gave a p ro d u c t o f  comparable o p t ic a l  a c t i v i t y . The e s t e r  h as a lso  [
been p rep a red  by th e  in te r a c t io n  o f b rom oacetic  a c id  and (-)-m en th o l in  the  
p resence o f e i t h e r  su lp h u ric  a c id  [26 ] o r dry  hydrogen brom ide [63 , th e  use 
o f su lp h u ric  a c id  cau sin g  th e  p roduct to  have low o p t ic a l  r o ta to r y  power.
In  tho  p re s e n t in v e s t ig a t io n  (-)-m e n th y l b rom oaceta te  was o b ta in e d  
in  78$  y ie ld  by th e  i n te r a c t io n  o f  b rom oacety l c h lo r id e  and (-)-m en th o l in  
th e  absence o f a s o lv e n t . The e s t e r  had b .p .  126°/3  mm., n^p 1*4780, 
a -74*5° (homogeneous), [a3 -6 6 .6 °  (jo 2 .52  in  ch lo ro fo rm ). On b e in g  
cooled  th e  l iq u id  e s t e r  s o l id i f i e d ;  i t  had m .p. 20°, P re v io u s ly  reco rd ed  I
p h y sica l c o n s ta n ts  in c lu d e  b .p .  144- 145° / l 2 mm.§ a -1 8 .7 2 °  (homogeneous,
1> 0 .2 5 ) [263? b .p .  136° /8  mm., [ a 3 ^  -67*9* + 0.8° (c. 2 .5  in  ch lo ro fo rm ) J
[63; m.p. 19.5 -2 0 .5 ° , b .p .  74°/0*05 mm., a -74*85° (homogeneous) [183°
Cb) P re p a ra tio n  o f  ( - )-B o rn y l B rom oacetate j
[
(-)-B o rn y l B rom oacetate h as p re v io u s ly  been p rep a red  by M inguin and j
de Bollem ont [ 29] ,  by th e  in te r a c t io n  o f  ( - ) -b o rn e o l  and brom oacetic  a c id  i n  j
j
th e  p resence  o f su lp h u ric  a c id , and by Palmer and Reid [18 ] by th e  
in te r a c t io n  o f  b o rneo l and brom oacetyl brom ide. In  th e  p re s e n t work j
( - ) -b o rn y l  brom oacetate  was o b ta in e d  in  78$  y ie ld  by in te r a c t io n  o f  th e  j
brom oacetyl c h lo r id e  w ith  th e  o p t ic a l ly  a c t iv e  a lco h o l by a method s im ila r  1
iI
to  th a t  used f o r  (-)-m en th y l brom oacetate,, The b o rny l e s t e r  had b .p .  j
98° / 0 .4  mm., n jp  1.4949? -40*4° (homogeneous), - 30. 2° (_c 5*95 |
in  e th a n o l) .  Palm er and R eid reco rd ed  b .p .  1 0 4 ° /0 .8  mm., a -40 -44° (homo- |
geneous) and [ a ]  - 30. 2° (_c 7-48 in  e th a n o l) .  j
( c ) P re p a ra tio n  o f (+)-Bom ,yl B rom oacetate |
(+)~Bom yl b rom oacetate  was o b ta in ed  in  77$ y ie ld  from th e  j
(
i n te r a c t io n  o f (-f)-bo rneo l and brom oacetyl c h lo r id e . I t  had b .p .  l l 8 ° / 2  mm., j 
n^p I . 495O, a + 39*8° (homogeneous), [ a ]  + 30 .0° (c  ^ 2 .52  in  e th a n o l) .
( i i )  P re p a ra tio n  o f  some Carbonyl Compounds j
(a )  P re p a ra tio n  o f  o-M ethylbenzophenone f
The ke to n e  has p re v io u s ly  been s y n th e s is e d  by h y d ro ly s is  o f  th e  
co rrespond ing  k e tim in e  which was o b ta in ed  by th e  in te r a c t io n  o f e i t h e r  j
b e n z o n i t r i le  and jo-tolylm agnesium  bromide [3 0 ] o r  j o - to lu n i t r i l e  and I
phenylmagnesium bromide [31, 32, 33, 343- O ther w orkers have s y n th e s is e d  j
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th e  k e to n e  from th e  r e a c t io n  o f  £ ~ to lu o y l c h lo rid e  w ith  benzene in  the  
p resence of aluminium c h lo rid e  [35? 36, 1 1 ], w h ils t  R eid ing  and Hauta [37] 
o b ta in ed  i t  i n  87*5$ y ie ld ,  d i r e c t l y  from o_-toluic a c id , benzene and j
aluminium c h lo r id e , th u s  o m ittin g  th e  u su a l p re p a ra t io n  and i s o la t io n  o f the  !i
a c id  c h lo r id e . However, o-m ethylbenzophenone, p rep a red  in  t h i s  la b o ra to ry  |
by th e  l a s t  m ethod, was o b ta in ed  in  only  55$ y ie ld ?  i t  had b .p .  154° / l *9 mm., I
}
n^p 1.5924? and gave a 2 ,4 -d in itro p h en y lh y d razo n e  hav ing  m .p. 182-183°• j
We found t h a t  the  ke tone  cou ld  be more co n v en ien tly  o b ta in e d  and in  I
I
b e t t e r  y ie ld  from th e  in t e r a c t io n  o f a n i t r i l e  and a G rignard  R eagent. The | 
ketone o b ta in ed  from £ - t o l u n i t r i l e  and phenylmagnesium bromide ( in  82$  y ie ld )  |
I
had b .p .  126° / l .6  mm., n jp  1.5918 and gave a 2 ,4 -d in itro p h e n y lh y d ra zo n e , j
m.p. 185- 186° , w hereas th a t  from b e n z o n i t r i le  and £~tolylm agne sium bromide
I
(o b ta in e d  in  93$ y ie ld )  had b .p .  1 2 2 ° / l .3  mm., 1-5918? and gave a
2 .4 -d in itro p h en y lh y d razo n e  m .p. I 85- I 880* j 
P u b lish ed  v a lu e s  in c lu d e  b .p .  l6 2 .2 ° / l0  mm., n^p 1.5949 [38]? b .p .  j
l6 0 ° / l0  mm., n^° 1.5965 [37]5 L .p . 1 3 4 %  mm., n jp  1.5914 [1 1 ] . L i te r a tu r e  
va lu es  f o r  th e  m .p. o f  th e  2 ,4 -d in itro p h en y lh y d razo n e  vary  between 183-184° j 
[39] and 1 9 8 .5 -1 9 9 .5 0 [3 8 ] . Hewman and McCleary [ 40] re p o r te d  th a t  th e  j
2 .4 -d in itro p h en y lh y d razo n e  m elted  over a wide range (184- I 9O0) even a f t e r  
s ev e ra l r e c r y s t a l l i z a t io n s ?  th e y  suggested  th a t  t h i s  was p robab ly  due to  the [
j
product b e in g  a m ix ture  o f  th e  two g eo m etrica l isom ers.
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(b ) P re p a ra tio n  o f Cyclohexanecarboxaldehyde
In  the  p re s e n t  in v e s t ig a t io n  cyclohexanecarboxaldehyde was co n v en ien tly  
p rep ared  by th e  tre a tm e n t o f  cyclohexylmagnesium c h lo r id e  w ith  
F,N-dim ethylform am ide and was o b ta in e d  in  53$ y ie ld ?  i t  had b .p .  67°/24  mm*, 
n jp  1 .4527, and gave a sem icarbazone, m .p. 170.5-171°•
P re v io u s ly  reco rd ed  p h y s ica l c o n s ta n ts  in c lu d e  b .p .  76 .5 -77*5°/48  mm., 
n^° 1.4495 [4 1 ] , b .p .  77- 7 8 °/2 0  mm., n^9 1.4505 [4 2 ] , b .p .  57- 590/ 22-24 rnrn., 
ru 9 1.4490 [4 3 ] , b .p .  90°/93  mm., n? 1.4525 [19]* L i te r a tu r e  v a lu e s  f o r  th e  
m e ltin g  p o in t  o f  th e  sem icarbazone range from I 66- I 670 [44 ] to  178* [45]? 
Hennis and Trapp [143] re c o rd  a  m .p. o f 170-171° .
T his aldehyde has p re v io u s ly  been p rep a red  by n o t on ly  th e  method used  
above [19 , 49? 50] ,  b u t a lso  from th e  d i s t i l l a t i o n  o f  calc ium  hexahydrobenzoate 
w ith  calcium  form ate  [ 46] ,  and th e  r e a c t io n  o f  cyclohexylmagnesium h a lid e s  
w ith  e th y l o rth o fo rm ate  [47 , 4 8 ]. The aldehyde has a lso  been o b ta in ed  by 
o x id a tio n  o f th e  co rresp o n d in g  a lco h o l w ith  chromic a c id  [ 51, 52]  o r  by 
passage o f th e  vapour over copper a t  250-300° [5 3 ] .
(c )  P re p a ra tio n  o f £-M ethylacetophenone
opM ethylacetophenone was p rep a red  by th e  in t e r a c t io n  o f methylmagnesium 
io d id e  and o - t o l u n i t r i l e  fo llow ed  by h y d ro ly s is  j t h i s  method has been u sed  
p re v io u s ly  [32 , 54? 55? 5 6 ). O ther methods which have been used  f o r  th e  
p re p a ra tio n  o f th e  ke tone  in c lu d e  th e  conversion  o f jD -toluoyl c h lo r id e  in to  
the ketone by trea tm en t w ith  e i t h e r  d im eth y lz in c  [5 7 ] o r  w ith  m ethy lz inc
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io d id e  [ 58] o r  by th e  r e a c t io n  o f jo-tolylm agnesium  bromide w ith  m ethyl 
cyanide [593? a c e ty l  c h lo r id e  [6 0 ] , o r  a c e t ic  anhydride [ 6 l ] .
I n  the  p re se n t work jo-methyl acetophenone b .p .  4 7 / 0 . 6  mm., n j  
1.5278 was o b ta in e d :in  67$  y ie ld .  I t  gave a 2 ,4 -d in itro p h e n y lh y d ra zo n e , 
m .p. 1 6 3 .5°* P u b lish ed  v a lu es  f o r  th e  ketone in c lu d e  b .p .  67°/3  mm., 
n^° 1.5303 [ 62],' b .p .  5 9 -6 0 ° /l .5  mm., n^° 1.5325 [54]'? L .p . 82° / l 2 mm.,
POn.p 1.53342 [6 3 ] . Recorded v a lu e s  f o r  th e  m e ltin g  p o in t o f th e
2 ,4 -d .in itropheny lhyd razone  in c lu d e  I 64- I 660 [ 62] ,  161-162° [54]-
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S E C T I O N  I I I
PARTIAL ASYMMETRIC. SYNTHESIS OP SOME
g-HYDROXY-AQIDS
I I I .  PARTIAL ASYMMETRIC SYNTHESIS OF SOME 
g-HYDROXY-ACIDS
V arious carbony l compounds were t r e a te d  w ith  o p t i c a l ly  a c t iv e  
e s te r s  o f b rom oacetic  a c id  in  th e  p resen ce  o f z in c . The p ro d u c ts  were 
com pletely  hyd ro ly sed  to  f u r n is h  th e  P -hydroxy-acids which were examined 
p o la r im e tr ic a l ly .
( i)Z n
R'.CO.R" + BrCEL.C0oR*  ------ » R*R”C(0H).CHv <J(1R*2 2 ( i l ) H + 2 2
(
I  ( i x J 11
R,R',C(0H).CH2 «C02H 
As f a r  as p o s s ib le  a l l  o f th e  r e a c t io n s  were C arrie d  o u t under s im ila r  
c o n d itio n s , and each experim ent was perform ed a t  l e a s t  i n  d u p l ic a te .
( i )  S tandard  C o nd itions
For th e  Reform atsky r e a c t io n s  a  s o lu t io n  o f eq u im o lecu lar
p ro p o rtio n s  o f th e  carbony l compound and th e  e s t e r  i n  b en ze n e -e th e r 
( l : l ,  by volume) and z in c  (2 e q u iv a le n ts )  were h ea ted  to g e th e r  under
r e f lu x .  The p -h y d ro x y -e s te r , o b ta in ed  by decom position  o f th e  r e a c t io n
m ixture w ith  d i l u t e  s u lp h u r ic  a c id , was hydro lysed  to  th e  p -hyd ro x y -ac id
w ith  aqueous a lc o h o lic  po tassium  hydroxide ( l 0$> excess o f po tassium
h y d ro x id e ).
A la rg e  excess  o f z in c , p u r i f ie d  by th e  method o f Newman and Evan
was used  s in c e  th e se  w orkers had found th a t  r a th e r  h ig h e r  y ie ld s  were
i )  OH"
.  \  -r-r +
o b ta ined  in  th e  Reform atsky r e a c t io n  when th e  excess o f z in c  was in c re a se d  
from 10 -  100;$ [ 5 ]  . B onsene-e ther, r a th e r  th an  benzene a lo n e ,
was used as th e  so lv e n t because th e  mixed so lv e n t had been shown to  fav o u r 
more "com plete r e a c t io n "  [ 5 , 64] • M oreover, Palm er and R eid [ l 8] ,  
had shown th a t  th e  degree o f asymm etric s y n th e s is  o f (3-hydroxy-{3-phenyl- 
b u ty r ic  a c id  and o f P-hydroxy-f3-phenylpropionic a c id  (o b ta in e d  from th e  
re a c t io n  o f  (- )-m e n th y l brom oacetate  w ith  acetophenone o r  benzaldehyde 
r e s p e c tiv e ly )  was r a th e r  h ig h e r  when th e  r e a c t io n s  were c a r r ie d  o u t i n  th e  
p resence  o f e th e r  (se e  Table l ) s
TABLE I
So lven t
1
CgH .C(0H)CH .CH^COgH
h
C^H_.C(0H)1I,CH oC0oH 0 0 2 ^
[a ]  (c: i n  e th a n o l) [a ]  (c  in  e th a n o l)
benzene
b en zen e -e th er
( 2 : 1 )
e th e r
+ 2 .46° (10 .67 ) 
+ 3 .03° (7 .2 3 )
+ 3 .35° (6 .5 4 )
-2 .9 0 °  (4 .3 2 ) 
-4 .8 0 °  (2 .1 9 )
B enzene-ether was p re fe r re d  to  e th e r  a lo n e  s in c e  th e  l a t t e r  re q u ire d  
the  use o f a c t iv a te d  z in c  f o r  r e a c t io n  to  occur. [6 5 ]*
The c o n d itio n s  used  f o r  h y d ro ly s is  o f th e  h y d ro x y -e s te r  to  th e  
a c id  were s im i la r  to  th o se  used  in  th e  e a r l i e r  work [1 8 ] .
Palmer and Reid had shown th a t  under th e se  c o n d itio n s  th e  d ia s te re o is o m e r ic  
P -h y d ro x y -este rs  formed d u rin g  th e  R eform atsky r e a c t io n  d id  n o t undergo 
any s id e  re a c t io n s  which m ight account f o r  an ap p aren t asym m etric s y n th e s is .
( i i )  Choice o f O p tic a l ly  A ctive  B rom oacetates
In  e a r l i e r  s tu d ie s  [.18] o f th e  p a r t i a l  asym m etric s y n th e s is  o f 
p -hy d ro x y -p -p h en y lb u ty ric  a c id , i t  had been shown th a t  th e  degree  o f 
asymmetric s y n th e s is  was g r e a te r  w ith  o p t ic a l ly  a c t iv e  m enthy l, b o rn y l and 
a -fe n ch y l b rom oaceta tes  th an  w ith  th e  s -b u ty l  o r  1-m e th y lh ep ty l e s te rs *  
S im ila r  e f f e c t s  were observed  in  s tu d ie s  on th e  degree o f  asym m etric 
sy n th e s is  o f  p -hyd roxy-p -pheny lp rop ion ic  a c id  [ l9 ]*  As d isc u sse d  in  S e c tio n  
I  (p* 9 ) a  com parison o f  th e  e f f e c t  o f th e  m enthyl and b o rn y l groups on 
the  course  o f asym m etric s y n th e s is  was o f p a r t i c u l a r  in te r e s t*  C onsequently  
th e  p re se n t work was c a r r ie d  o u t w ith  th e  m enthyl and th e  b o rn y l e s te r s  o f 
brom oacetic a c id .  A lthough (- )-m e n th o l i s  r e a d i ly  a v a i la b le  o p t ic a l ly  
a c tiv e  b o rn eo l i s  l e s s  so , and in  some o f th e  experim ents ( - ) - b o r n y l  
brom oacetate  was used  whereas i n  o th e rs  (+ )-b o rn y l b rom oaceta te  was u se d .
( i i i )  Choice o f Carbonyl Compound
In  e a r l i e r  work w ith  (-)-m e n th y l b rom oaceta te  i n  th e  Reform atsky 
re a c t io n  l i t t l e  o r  no asym m etric sy n th e s is  o ccu rred  when n - a l ip h a t ic
-2 2 -
aldehydes were used [1 9 ] , whereas acetophenone and benzaldehyde gave 
p -hydroxy-ac ids o f 30 and 15$ o p t ic a l  p u r i ty  r e s p e c t iv e ly .  In  g e n e ra l, 
arom atic  aldehydes and ke to n es  were u sed  in  th e  p re s e n t in v e s t ig a t io n ,  
a lthough  f u r th e r  work was c a r r ie d  ou t w ith  cyclohexanecarboxaldehyde.
Reid and Palm er [19] had found th a t  th e  in te r a c t io n  o f cyclohexanecarbox­
aldehyde and m enthyl brom oacetate  in  th e  Reform atsky r e a c t io n  gave a 
product o f a p p re c ia b le  r o t a t i o n ,  a lth o u g h  tho  degree o f asym m etric 
sy n th e s is  was n o t a s s e s s a b le  s in c e  th e  hyd roxy-ac id  had n o t been re s o lv e d . 
S ince p a r t i a l  asym m etric s y n th e s is  can occur w ith  benzaldehyde and w ith  
cyclohexanecarboxaldehyde in  th e  Reform atsky r e a c t io n ,  a d i r e c t  com parison 
o f th e  e f f e c t  o f th e  phenyl and th e  cy c lo h ex y l groups was made by c a r ry in g  
out r e a c t io n s  w ith  cy c lo h ex y l phenyl k e to n e .
As d isc u sse d  in  S e c tio n  I ,  S is id o  e_t a l ,  [ l l ]  had found th a t  i n  th e  
" a ld o l- ty p e "  co n d en sa tio n  o f 0,- s u b s t i tu te d  benzophenones w ith  m enthyl o r 
borny l a c e ta te s  th e  r e l a t i v e  e f f e c t s  o f th e  m enthyl and o f th e  b o rn y l group 
on th e  s ig n  o f r o t a t io n  o f th e  p roduct was d i f f e r e n t  from th a t  found in  
s im ila r  r e a c t io n s  w ith  o th e r  k e to n es . M oreover, th e  r e l a t i v e  e f f e c t  o f 
th e  m enthyl and b o rn y l groups on th e  s t e r i c  cou rse  o f th e  Reform atsky 
re a c t io n  in  th e  few examples s tu d ie d  p re v io u s ly  resem bled th e  l a t t e r .  
C onsequently , th e  i n te r a c t io n  o f jo-methylbenzophenone and o p t i c a l ly  a c t iv e  
e s te r s  o f brom oacetic  a c id  was s tu d ie d . Furtherm ore, th e  e f f e c t  o f 
in tro d u c in g  an o—s u b s t i tu e n t  in to  bo th  acetophenone and benzaldehyde was
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in v e s t  ig a te d , as was th e  e f f e c t  o f re p la c in g  a hydrogen atom o f th e  m ethyl 
group o f acetophenone hy a phenyl group*
( iv )  R esu lts
With th e  e x cep tio n  o f p.-methylbenzophenone a l l  o f th e  carbony l
compounds s tu d ie d  (se e  Table I I I ,  p . 29 ) re a c te d  w ith  m enthyl brom oacetate
and w ith  b o rn y l b rom oaceta te  under th e  s ta n d a rd  c o n d itio n s  d e sc rib e d .
The in te r a c t io n  o f o-m ethylbenzophenone w ith  each o f  th e  two
o p t ic a l ly  a c t iv e  b rom oaceta tes was th e  f i r s t  s e r ie s  o f r e a c t io n s  to  be
s tu d ie d  i n  th e  p re s e n t in v e s t ig a t io n ,  and experim ents were c a r r ie d  ou t
p r io r  to  th e  s ta n d a rd is a t io n  o f r e a c t io n  c o n d it io n s . Under " c l a s s i c a l ”
Reform atsky c o n d it io n s , th a t  i s  w ith  benzene as s o lv e n t , as used  by Palm er
and Reid [ l 8] th e  y ie ld  o f th e  (3-hydroxy-acid o b ta in ed  from re a c t io n  o f
th e  ke tone  w ith  (-)-m e n th y l b rom oaceta te  was low, and no r e a c t io n  occu rred
when (—)-b o rn y l b rom oacetate  was u sed . As a check on re a g e n ts ,  th e
re a c t io n  o f th e  two o p t ic a l ly  a c t iv e  e s te r s  w ith  acetophenone under
" c la s s ic a l"  c o n d itio n s  was c a r r ie d  o u t. The r e s u l t s  o b ta in e d  were s im i la r
to  th o se  reco rd ed  by Palm er and Reid [ l 8] j — p -h y d ro x y -p -p h en y lb u ty ric  a c id
o 24* oob ta ined  from (- )-m e n th y l b rom oaceta te  iiaving m .p. 68 -68 .5  , [ a ]  + 3 .2
(c. 7 .31 in  e th a n o l) ,  and th a t  from th e  ( - ) - b o m y l  e s t e r  hav ing  m .p. 
6 9 .5 -7 0 ° , [ a ] ^  - 1 .2 °  (c. 5 .06 in  e th an o l)  (Palm er and Reid re c o rd  [a ]
+2. 62° (c 10 .87  i n  e th a n o l)  and - 1 . 13° (c  11 .87  in  e th a n o l)  r e s p e c t iv e ly ) .
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Thus, i t  would appear th a t  r e a c t io n  betw een o-m ethylbenzophenone and th e se  
e s te rs ', i n  p a r t i c u l a r  th e  b o rn y l e s t e r ,  i s  h in d e red  and f o r  r e a c t io n  to  
occur th e  c o n d itio n s  would have to  be m o d ified .
A ttem pts to  e f f e c t  r e a c t io n  betw een ( - ) -b o rn y l  b rom oaceta te  and 
the  ketone  by th e  a d d i t io n  o f magnesium, methylmagnesium io d id e , iodin© , m ettyl 
io d id e , magnesium c h lo r id e ,  magnesium brom ide, o r  cadmuim c h lo r id e  to  
the  benzene r e a c t io n  m ix tu re  f a i l e d ,  as did- th e  u se  o f b e n ze n e -e th e r and 
a c t iv a te d  zinc* However, r e a c t io n  betw een th e  ketone  and th e  bo rn y l 
brom oacetate, d id  p roceed  i n  th e  p resen ce  o f  anhydrous z in c  brom ide, 
p repared  " in  s i t u ” from 2*5 m olar p ro p o r tio n s  o f  z in c  and 1 m olar p ro p o r tio n  
of bromine in  b e n z e n e -e th e r , to  g iv e  th e  expected  p ro d u c t.
I t  i s  o f i n t e r e s t  t h a t  Fuson and Thomas [ 66] found th a t  th e  
in tra m o le c u la r  Reform atsky r e a c t io n  o f 2-(brom oacetoxy)-benzaldehyde d id  
not tak e  p la c e  under norm al c o n d it io n s , b u t i f  th e  r e a c t io n  was c a r r ie d  
out in  th e  p re sen ce  o f an equim olar p ro p o r tio n  o f anhydrous z in c  bromide 
p repared  ”in  s i t u ” , r e a c t io n  d id  o ccu r, ohromon-2-o n e  b e in g  o b ta in ed  a f t e r  
deh y d ra tio n . -
The use o f z in c  brom ide i n  t h i s  l a t t e r  r e a c t io n  was promoted by th e  
.d isco v e ry  o f Swain and Boyles [ 67] ,  who found th a t  a d d i t io n  o f magnesium 
bromide to  th e  G rignard  r e a c t io n  betw een n-propylm agnesium  brom ide and
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d i- iso p ro p y l ke tone  gave an  improved y ie ld .  They su g g ested  t h a t ,  as  magnes­
ium bromide i s  a  s l i g h t l y  s tro n g e r  Lewis a c id  th an  a G rignard  re a g e n t, i t  
would be expected  to  complex p r e f e r e n t i a l l y  and to  p o la r is e  th e  ke tone  more 
s tro n g ly . S im ila r ly , Fuson and Thomas [ 66] commented t h a t ,  a lth o u g h  th e  
evidence was n o t c o n c lu s iv e , ’’th e  z in c  brom ide fu n c tio n e d  as a  c o -o rd in a tin g  
group w ith  th e  a ldehyde i n  th e  Reform atsky r e a c t io n ” . K o llo n its c h  [ 68] 
noted a s im ila r  ty p e  o f e f f e c t  w h ils t  s tu d y in g  th e  ch em istry  o f organocadmium 
compounds, which a re  g e n e ra l ly  accep ted  to  be v e ry  r e a c t iv e  w ith  a c id  
c h lo r id e s . He found th a t  benzoyl c h lo r id e  d id  n o t form acetophenone when 
t r e a te d  w ith  p u re  d i s t i l l e d  d im ethy l cadmium, b u t th a t  r e a c t io n  occu rred  
smoothly to  g iv e  th e  ke to n e  when th e  organocadmium re a g e n t p re p a red  ”in  s i t u ” 
from th e  co rresp o n d in g  G rignard  re a g e n t was u sed , magnesium h a l id e  th en  
being  p re s e n t as a  b i-p ro d u c t;
2HMgX + CdX2 = CdR2 + 2MgX2 
K o llo n itsc h  concluded th a t  i n  many l i k e  ke tone  sy n th ese s  u s in g  organocadmium 
compounds” a  h i th e r to  un recogn ized  ’s a l t  e f fe c t*  e x e r te d  an u n in te n t io n a l ,  
and in  many cases  in d is p e n s a b le , a c t iv a t in g  e f f e c t ” . T his s a l t  e f f e c t  
could have been caused  by th e  magnesium s a l t s  formed d u rin g  th e  u su a l 
p re p a ra tio n  o f th e  organocadmium compounds.
The r e s u l t s  o f r e p r e s e n ta t iv e  experim ents in  which a  s o lu t io n  o f 
p_-methylbenzophenone and e i t h e r  ( - )-m e n th y l b rom oaceta te  o r  ( - ) -b o rn y l  
brom oacetate was t r e a te d  w ith  z in c  and th e  p ro d u c t com ple tely  hyd ro lysed  
a re  summarised in  T able I I ;  th e  degree o f asym m etric s y n th e s is  i s  c a lc u la te d
from th e  f ig u r e  g iven  by S is id o  e t  _al> [ 11] f o r  th e  re so lv e d  (3-hydroxy- 
p -p h en y l-^ -(o >- to ly l ) - p r o p io n ic  a c id  f o r  which th ey  re c o rd  nup. 153-155*5° 
(with foam ing), [ a ] ^ - l 68° (c, 4*63 in  ace to n e , l , , l ) .
TABLE I I
r ■
, C onditions
BrCH2.C02R*
#
R
_o--MeC6H4 . C ( OH) ( C6H,_ ).. CH2. CO H
y ie ld Ei.p . [a ]  (c, in  a c e -  
(w ith  foam- tone) 
in g )
Degree o f 
Asymmetric 
S y n th es is  \
a. ( (-)-m e n th y l 21fo 137-138° -3 3 .0 ° (1 .57) 20fo
) ( - ) -b o rn y l Ho R eac tion
b ( ( - ) -m enthyl U fa 149° -4 7 .5 ° (1 .39)
■
28fo
( ( - ) -b o rn y l Ho R eac tio n
( (- )-m e n th y l 2 Gfo 151-151.5° -4 7 .6 ° (1 .37) 28fo
/ ( - ) -b o rn y l 44 fo 145-145.5° -5 .4 ° (2 .45) 3fo
(a.) Benzene as s o lv e n t ;  ( ’C la s s ic a l ' R eform atsky c o n d i t io n s ) .  
(b>) b e n ze n e -e th e r as s o lv e n t ;  a c t iv a te d  z in c ,
(c ) " " " ; z in c  brom ide, p rep ared  "in  s i t u ” , 
p re sen t*
With re fe re n c e  to  th o se  r e a c t io n  w ith  (- )-m e n th y l b rom oaceta te  i t  
i s  notew orthy th a t  th e  u se  o f z in c  and z in c  brom ide [T ab le  I I  -  C ond itions 
(&)] r a th e r  th a n  a c t iv a te d  z in c  a lo n e  [T ab le  I I  -  C o nd itions (b,)] caused 
no change i n  th e  degree o f asym m etric s y n th e s is ;  t h i s  o b se rv a tio n  i s  in
accord w ith  th a t  made by Palm er and Reid i n  co n n ec tio n  w ith  th e  degree o f 
asymmetric s y n th e s is  o c c u rr in g  d u rin g  Reform atsky re a c t io n s  w ith  e i th e r  
acetophenone o r  benzaldehyde, when added z in c  brom ide was shown to  have no 
e f f e c t  [ l8 ,1 9 ] i The marked in c re a s e  in  th e  degree o f asym m etric sy n th e s is  
o ccu rrin g  when a c t iv a te d  z in c  and b e n ze n e -e th e r [T ab le  I I  -  C ond itions (b_)] 
were used r a th e r  th an  •un trea ted  z in c  and benzene [T ab le  I I  -  C ond itions (a ) ]  
i s  no doubt due to  th e  p resen ce  o f e th e r  r a th e r  th an  to  th e  u se  o f a c t iv a te d  
z in c , s in c e  i t  has been shown th a t  th e  use  o f a c t iv a te d  z in c  in  p la c e  o f ' 
z inc d id  n o t a f f e c t  th e  degree o f asym m etric s y n th e s is  o f (3-hydroxy~f3- 
p h en y lb u ty ric  a c id , b u t r e a c t io n  in  th e  p resen ce  o f e th e r  d id  le a d  to  an 
in c re a se  in  th e  degree o f asym m etric s y n th e s is  (se e  Table I ,  p . 20 ) •  This 
phenomenon was n o t in v e s t ig a te d  f u r th e r  s in c e  i t  was d e s ir a b le  to  compare 
the  e f f e c t  o f th e  b o rn y l group w ith  th a t  o f th e  m enthyl group on th e  degree 
and th e  d i r e c t io n  o f asym m etric s y n th e s is ,  and s in c e  b o rn y l b rom oaceta te  
would n o t r e a c t  w ith  o-m ethylbenzophenone under th e se  c o n d it io n s .
A part from th e  f a c t  th a t  a c t iv a te d  z in c  was used  th e  c o n d itio n s  
in d ic a te d  under ( I d )  in  T able I I  a re  s im i la r  to  th e  s ta n d a rd  c o n d itio n s  
(as d e sc rib e d  on p . 19) ;  th u s , th e  r e s u l t s  o b ta in ed  from th e  in t e r a c t io n  
of m enthyl b rom oaceta te  w ith  o-m ethylbenzophenone may be compared w ith  
those o b ta in ed  when o th e r  carb o n y l compounds were u sed . M oreover, s in c e  
the  same degree o f  asym m etric s y n th e s is  was o b ta in ed  when m enthyl 
brom oacetate and o-m ethylbenzophenone re a c te d  under th e  above c o n d itio n s  (]d)
as when reaction occurred in  the presence of zinc bromide prepared nin  ]
s i t u ” [c o n d itio n s  (c .)] , th e  r e s u l t s  o b ta in ed  from th e  i n t e r a c t io n  o f j
t
bo rny l b rom oaceta te  and 0,-methylbenzophenone under c o n d itio n s  (c.) may be !
iI
compared w ith  th o se  o b ta in ed  when o th e r  carbony l compounds and "s tan d a rd  j
j
c o n d itio n s"  were used ; I• |
The r e s u l t s  from r e p r e s e n ta t iv e  experim ents in  which v a rio u s  carb o n y l ]
|
compounds and b rom oaceta tes  in te r a c te d  under ’S tandard  c o n d itio n s"  a re  j
|
summarized i n  Table I I I .  In  g e n e ra l , th e  £ -hyd ro x y -ac id s  were o b ta in ed  j
in  m oderate y ie ld s  as o i l s  which slow ly  c r y s t a l l i s e d .  However, |
(3-hydroxy-{3-(jD -tolyl)-butyric a c id  was n o t o b ta in ed  s o l id .  Hone o f th e  j
{3-hydroxy-acids l i s t e d  i n  Table I I I  have been re so lv e d ; b u t th e  m e ltin g  |i
p o in ts  o f th e  racem ic |3 -hydroxy-acids re p o r te d  i n  th e  l i t e r a t u r e  a re  as |
fo llo w s: p-hydroxy~j3-(o_-methoxyplienyl)“p ro p io n ic  acid(B ) -  m .p. 88.5* 1 6 9 ] ;  j
I
(3-hydroxy-p, y -d ip h e n y lb u ty r ic  a c id  (C.) -m .p . 120° [ 70] ;  p -c y c lo h ex y l-p - j
hydroxy-f3~phenylpripionic a c id  (s ) -m .p . 175° [ 7 l ] .  With re fe re n c e  to  j
P -cyclohexyl-f$ -hydroxy-prop ion ic  a c id  ( a) ,  th e  r e s u l t s  g iven  in  Table I I I  I
j
a re  in  agreem ent w ith  th o se  o b ta in ed  by Palm er and R eid [ l 9 ] j  from an j
j!
experim ent in  which benzene was used  in s te a d  o f b e n ze n e -e th e r th ey  |
ob ta ined  th e  p -liyd roxy-acid  hav ing  m .p. 74- 75° ,  [ a ]  - 1 , 21° (_c 5 .7  i n  e th a n o l)  j
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TABLE I I I
Carbonyl
Compound
iBrCHg.COgR*
*
R
^-H ydroxy-acid  ( R eference l e t t e r )
Y ie ld  m .p. : T (c  in  e th an o l)
<^~~^CH0
: ( - ) -m enthyl 
: ( - ) -b o rn y l _ .
C6H11*C^0H^H,CH2*C02:H ^
S&fo 71 ,5 -72° -1 .4 °  (6 .5 4 )
67p .... ..73-73,5° + 1 .3 ° ........... ( 3 . 68) . . .  .
(MeO010 ( - ) -m enthyl 
(+ )-b o rn y l
0,-MeO.CgH .C(0H)H. CHg.COgH (b )
76$ 5 9 .5 -6 0 ° - 9 .7 °  ' (2 .5 2 )
76$  60-61° -2 .5 °  (2 .5 1 )
Q
1 
0
-9 j o (-)-n ie n th y l
(+ )-b o rn y l
CgH5C(0H)(CH2 .C5H5).CH2 .C02H (C)
55$  99° +10. 6°  ( 2 . 02)
.7 0 $ ....... 9 7 .5 -9 2 °  + 4 .5°  . , ( .2 .0 p i . .  .
Me
h /)— C— Me ( - ) -m enthyl 
( - ) -b o rn y l
O ^ j .C g H  .  C(0H)(CH5).CH2.C°2H (l>) 
43$ —  + 3 .9 °  ( 2 . 68) 
52$  —  - 4 .9 °  ( 2 . 68)
OtO (- )-m e n th y l
(+ )-b o m y l
. . .... . . .
CgH .C(0H)(C6Hn ).CH2 .C02H (e )
60$ 173 .5 -174° - 5 .6 °  (1 .5 1 ) 
64$ 173-173 .5° + 3 .1 °  ( l . 5 l )
1
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(v) C o rre la tio n  o f  R e s u lts
In  connec tion  w ith  those  R eform atsky r e a c t io n s  in v o lv in g  b o rny l 
h rom oaceta te? w ith  some carhonyl compounds th e  la e v o ro ta to ry  e s t e r  was used  
whereas w ith  o th e rs  th e  d e x tro ro ta to ry  e s t e r  was u sed . In  o rd e r  to  
f a c i l i t a t e  the  com parison o f r e s u l t s  o b ta in ed  w ith  d i f f e r e n t  carbonyl 
compounds, in  th e  p re s e n t S u b -sec tio n  I I I  (v ) and in  S ec tio n  V i t  has been 
presumed th a t  in  a l l  c ases  th e  ( - ) -b o m y l b rom oacetate had been used§ th u s , 
in  th o se  case s  in  which th e  d e x tro ro ta to ry  e s t e r  had been used  the  s ig n  o f 
r o ta t io n  o f th e  p -h yd roxy-ac id  u l t im a te ly  o b ta in e d  has been n o t io n a l ly  
changed. A g e n e ra l com parison o f  th e  two re a c t io n s  (*XT and *Y! ) o u tl in e d  
in  th e  scheme below w i l l  show th a t  t h i s  i s  j u s t i f i e d .
BrCH2 .C O ^/Z n
R
OZnBr
(-) j
* R -  c -  ch2 -co2b
R eac tio n  ’X1 OZnBr
(+) (-) (-) (-)
*11
BrCHpCOgB/Zn E
(+)
R eac tio n  ’Y* }OZnBr
-  C -  CEg.COgB
OZnBr
(-) (+) (+) (+)
B 5 Bornyl
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As d iscu ssed  in  S ec tio n  V th e  R eform atsky r e a c t io n  can he co n sid e red  to  
occur th rough  th e  a d d itio n  o f an organozinc in te rm e d ia te  to  th e  carbonyl 
group. S ince ’Xj* and Y^^ 1 a re  enan tio m eric  th ey  w i l l  have s im ila r  f r e e  
energ ies*  a s  w i l l  th e  t r a n s i t i o n  s t a t e s  le a d in g  to  each o f  them s in ce  th ey  
w il l  a lso  be en an tio m eric  in  n a tu re . Moreover* th e  f r e e  energy  o f  th e  
r e a c ta n ts  from which ’Xj* formed, w i l l  be s im ila r  to  t h a t  o f th o se  from 
which ^ .j. 1 i s  formed* s in ce  again  th e  on ly  d if fe re n c e  i s  th a t  th e  e s t e r s  a re  
en an tio m eric . Thus* th e  a c t iv a t io n  energy f o r  ’X j! and th a t  f o r  ’Y^ 1 w i l l  be 
the same. S im ila rly *  th e  a c t iv a t io n  energy f o r  th e  fo rm atio n  o f w i l l
be th e  same as t h a t  f o r  Consequently* i f  an excess o f 'Xj* over
'Xj i * i s  formed in  R eac tion  ’X1* in  R eac tio n  *Yf an ex cess  o f  over
w i l l  be form ed. A d e x tro ro ta to ry  h y d ro x y -ac id  would th e re fo re  be 
o b ta in ed  by h y d ro ly s is  o f  th e  p ro d u c t from R eac tio n  *X! * w h ils t  a 
la e v o ro ta to ry  hy d ro x y -ac id  would be o b ta in ed  from R eac tion  *Y*.
Two a sp e c ts  o f th e  e f f e c t s  o f  s t r u c tu r a l  changes in  th e  r e a c ta n ts  
on asymm etric s y n th e s is  d u rin g  the  R eform atsky re a c t io n  may be co n sid e red  -  
the e f f e c t  on th e  e x te n t o f asym m etric s y n th e s is ,  and on th e  s t e r i c  course 
o f the r e a c t io n .  As d isc u sse d  on p . 27, a lth o u g h  th e  c o n d itio n s  f o r  th e  
Reform atsky r e a c t io n s  w ith  o-m ethylbenzophenone were d i f f e r e n t  from the  
" s tan d ard  c o n d it io n s " , i t  i s  co n sid e red  th a t  th e  r e s u l t s  o f  th e se  
experim ents may le g i t im a te ly  be compared w ith  th o se  o b ta in e d  from experim ents 
w ith  o th e r  carbony l compounds under " s tan d a rd  c o n d itio n s " .
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In  on ly  a few case s  i s  th e  s p e c i f ic  r o ta t io n  o f the  o p t ic a l ly  pure
(3-h y d ro x y -ac id  [ a ]  known and co n seq u en tly , in  many c a se s , th e
a c tu a l degree o f  asym m etric sy n th es is (lO Q X  [a ]  0^ served /T a 3 maximum)
o c cu rrin g  d u rin g  the  R eform atsky re a c t io n  cannot be c a lc u la te d !  in s te a d ,
the  r e l a t i v e  e f f e c t s  o f  th e  (-)-m en th y l and ( - ) -b o rn y l  groups a re
co n sid ered  by use o f th e  r a t i o  where and a^e ^ke
s p e c if ic  r o ta t io n s  o f  th e  |3 -hydroxy-acids u l t im a te ly  o b ta in e d  from
(-)-m en th y l b rom oaceta te  and ( - ) -b o rn y l  b rom oacetate  r e s p e c t iv e ly  (see
Table IV ). In  th o se  cases  where th e  a c tu a l  degree o f  asym m etric sy n th e s is
can be c a lc u la te d  th e  degree o f  asym m etric sy n th e s is  o c c u rr in g  w ith  the
(-)-m en th y l e s t e r  i s  a ls o  reco rd ed , in  b rack e ts*  in  Table IV.
Table IV
fc ]m/C a ]-h and ( in  p a re n th e s is )  Degree o f  Asymmetric S y n th es is  w ith
(-)-M en thy l E s te r
(See t e x t  f o r  e x p la n a tio n . The + o r  -  s ig n s  b e fo re  the r a t i o s  s ig n ify  th a t  
the  (-)-m en th y l and th e  ( - ) -b o rn y l  groups e i t h e r  have, r e s p e c t iv e ly ,  a 
s im ila r  o r an o p p o s ite  e f f e c t  on th e  s t e r i c  course o f  r e a c t io n  w ith  t h a t  
p a r t i c u la r  carbonyl compound).
RoCHO
R
cyclohexyl -1  ( 8$)
phenyl -1  
£-me thoxyphe nyl - 3*9
R.CO.Ph.
A
H -1 (15 i f
m ethyl -2 .3 (2 9 $ )
benzy l - 2 .4
cyclohexyl +1 .8
o - to ly l  +8 , 8( 28$)
R.C0.CH-,
R
phenyl - 2 .3  
o - to ly l  - 0 .8
( 29#
$  R eference 19*
R eference 18 . S im ila r  r e s u l t s  o b ta in e d  from p re s e n t work.
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I n  the  f i r s t  in s ta n c e  c o n s id e ra tio n  w i l l  "be g iven  to  th e  r e l a t i v e  
e f f e c t s  o f th e  m enthyl and bo rn y l groups on th e  degree o f  asym m etric 
sy n th e s is  w ith o u t re g a rd  to  s t e r i c  im p lic a t io n s , and th e re fo re  th e  + and -  
s ig n s  in  Table IV may be d is re g a rd e d . In  most cases  a g r e a te r  degree o f 
asymmetric s y n th e s is  was o b ta in ed  w ith  th e  m enthyl e s t e r  than  w ith  th e  b o rn y l 
e s te r  ( r a t i o  > l ) .  In  one c a se , w ith  £-m ethylacetophenone th e  b o rn y l e s t e r  
caused a s l i g h t ly  g r e a te r  degree o f asym m etric sy n th e s is  ( r a t i o ,  0 . 8 ) ,  and 
in  one ca se , namely w ith  cyclohexanecarboxaldehyde, th e  same degree o f 
asymmetric s y n th e s is  o ccu rred  w ith  e i t h e r  e s t e r .  In  t h i s  re s p e c t  the  r e s u l t s  
w ith  cyclohexanecarboxaldehyde resem ble th o se  o b ta in ed  w ith  benzaldehyde [ 18] .  
From th e  va lue  f o r  th e  s p e c i f ic  r o ta t io n  o f a specimen o f
(3-cyclohexyl-p~hydroxy-propionic a c id  o b ta in e d  by re d u c tio n  o f o p t ic a l ly  pure 
{3-hydroxy-p-phenyl p ro p io n ic  a c id  (see  p . 63 ) ,  may c a lc u la te d  t h a t
the  (3-cyclohexyl-(3-hydroxy-propionic a c id  o b ta in e d  from th e  R eform atsky 
re a c tio n s  was a t  l e a s t  Qfo o p t ic a l ly  p u re . Palm er and R eid  [1 9 ] had shown 
th a t  w ith  benzaldehyde th e  (3-hydroxy-p-phenylpropionic a c id  u l t im a te ly  
o b ta in ed  was abou t 15fo o p t ic a l ly  pure 3 th e y  c a r r ie d  o u t th e  R eform atsky 
re a c t io n  in  benzene and, co n seq u en tly , i t  i s  l i k e ly  t h a t  th e  degree o f 
asymmetric s y n th e s is  o b ta in e d  by them was r a th e r  low er th a n  i f  th e  r e a c t io n  
had been c a r r ie d  o u t under ’ s tan d a rd  c o n d it io n s ’ as  used  i n  th e  p re s e n t 
in v e s t ig a t io n .  I t  i s  no t alw ays the  case t h a t  d u rin g  re a c t io n s  w ith  
aldehydes th e  same degree o f asym m etric s y n th e s is  occu rs  with, th e  m enthyl as 
w ith  th e  b o rny l e s t e r .  Thus, when an o-methoxy group i s  in tro d u c e d  in to
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Id enz aldehyde th e  degree  o f asym m etric sy n th e s is  o c cu rrin g  w ith  th e  menthyl 
e s te r  i s  about fo u r  tim es t h a t  o c cu rrin g  under th e  a c tio n  o f  th e  bo rn y l 
group. A lthough th e re  was no d if fe re n c e  in  th e  degree o f asym m etric 
sy n th es is  o c c u rr in g  under th e  in f lu e n c e  o f th e  menthyl and bo rn y l groups w ith  
benzaldehyde and cyclohexanecarboxaldehyde, when cyclohexyl phenyl ke tone  was 
used a g r e a te r  degree o f asym m etric sy n th e s is  o ccu rred  in  r e a c t io n s  w ith  the 
menthyl e s t e r  th an  in  r e a c t io n s  w ith  the  b o rn y l e s t e r  ( r a t i o  1 . 8 ) .
Palm er and R eid  [1 8 ] had shown th a t  w ith  acetophenone th e  m enthyl group
gave a degree o f  asym m etric sy n th e s is  2 .3  tim es g r e a te r  th an  t h a t  o b ta in ed
w ith  th e  b o rny l group . L i t t l e  change in  t h i s  r a t i o  was observed  when an
a-phenyl group was in tro d u c e d  in to  th e  k e to n e , b u t th e  in tro d u c t io n  o f an
£-m ethyl s u b s t i tu e n t  in to  acetophenone had a marked low ering  e f f e c t ,  the  r a t i o
then b e in g  0 .8 .  W ith o-m ethylbenzophenone the  r a t i o  ( 8 . 8 ) was rem arkably
high^ in  t h i s  case th e  a c tu a l  degree o f asym m etric sy n th e s is  can be
13c a lc u la te d  from th e  v a lu e  [a ]  - 168° (_c 4*63 in  ace to n e ) f o r  th e
reso lv ed  f3 -hyd roxy-(3 -pheny l-(3 -(£ -to ly l)-p rop ion ic  a c id  o b ta in e d  by S is id o  
e t  a l .  [1 1 ] . The p ro d u c t o b ta in e d  when th e  m enthyl e s t e r  was u sed  was about 
28$  o p t ic a l ly  p u re , t h a t  from th e  b o rny l e s t e r  b e in g  only  about 3$  o p t ic a l ly  
pure.
The work c a r r ie d  ou t w ith  onne^ithylbenzophenone had an added i n t e r e s t  
in  th a t  the  p ro d u c t o b ta in ed  from th e  ( - ) -b o rn y l  e s t e r  had th e  same s ig n  of 
ro ta tio n  as  t h a t  o b ta in ed  from th e  (-)-m e n th y l e s t e r ,  t h i s  b e in g  in d ic a te d  in  
Table IV by a + s ig n . This i s  in  c o n t r a d is t in c t io n  to  r e s u l t s  o b ta in e d  i n
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prev ious s tu d ie s  w ith  benzaldehyde and acetophenone [ l8 ,  19] ,when a  comparison 
of the d i r e c t iv e  e f f e c t  o f  th e  (-)-m en th y l and ( - ) -b o rn y l  groups had shown 
th a t th e  r e s u l t in g  {3-hydroxy~acids had o p p o site  s ig n s  o f  r o ta t io n  (a s  
in d ic a te d  by a -v e  s ign  in  Table IV)§ t h i s  was a lso  found to  be the  case 
w ith  a l l  ex cep t one o f  th e  o th e r  carbonyl compounds s tu d ie d  i n  th e  p re s e n t 
in v e s tig a tio n #  T his o th e r  ex cep tio n  was cyclohexyl phenyl ketone from w hich 
was o b ta in ed  a la e v o ro ta to ry  specimen o f th e  (3-h y d ro x y -ac id  bo th  when the 
(-)-m en thy l e s t e r  was used  and when the  ( - ) -b o rn y l  e s t e r  was used .
The r e s u l t s  o b ta in e d  w ith  £-m ethylbenzophenone in  the  R eform atsky 
re a c tio n  p a r a l l e l  those  o b ta in e d  by S is id o  e t  a l .  [ l l ] 9 in  ’a ld o l - ty p e 1, 
condensa tions, when t h i s  ketone was t r e a te d  w ith  diethylam inom agnesium  
bromide and e i t h e r  (-)-m en th y l a c e ta te  o r (+ )-b o rn y l a c e ta te  (see  Table V)„
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Table V
P a r t ia l  Asymmetric S y n th es is  o f  (3-Bydr oxy-(3-phenyl-[3 -  (o-1 o l y l )-p ro p io n ic  Acid
From From
R
Ph. C O .£ -to ly l + CH^.CO^R + EtgM gRr 1 Ph. CO .o - to l y l  +.BrCfl2C0^R + Zn
fa l  (c  in  ace to n e ) degree o f
asym m etric
[°G (£  in  ace to n e ) degree o f
asym m etric
(-)-menthyl -8 0 .5 °  (a )  ( 6 . 91) 
H -79 * 6 °(b ) ( 6 . 85)
sy n th e s is
- 47. 6° (1 . 37)
-4 7 .9 °  (1 -37 )
s y n th e s is
■bornyl* + 6 .7 ° (a )  (18. 56)
" + 1 1 .6 °(o ) (18 . 48)
-5 ,4 °  (2 .4 5 )  3$**
-5 -2 °  (2 .4 5 ) 3$**
'* (+ )-b o rn y l e s t e r  
(a )  t= 29° , (b ) t= l8 ° , 
(c )  t= 2 2 °
«L
1 R eference  11.
*•*(-)-b o rn y l e s t e r
-37 -
However* from th e  ‘a ld o l-ty p e *  condensa tion  a g r e a te r  degree o f asym m etric 
sy n th e s is  was o b ta in e d  than  from th e  Reform atsky re a c tio n *  b u t th e  
r a t io  was o f th e  same o rd e r  f o r  b o th  r e a c t io n s .  I n  th e  •a ld o l- ty p e *  
condensation w ith  benzophenones* o th e r  than  the  a - s u b s t i tu te d  benzophenones* 
S isido  e>t a l .  had found t h a t  th e  r e l a t i v e  d i r e c t iv e  e f f e c t  o f  th e  
(-)-m enthy l and (+ )-b o rn y l groups was s im ila r  to  t h a t  observed  in  th e  m a jo r ity  
o f th e  R eform atsky r e a c t io n s .
I t  would ap p ear from th e se  r e s u l t s  th a t  th e  s t e r i c  course  o f  a d d it io n  
during a R eform atsky re a c t io n  in  which th e  brom oacetate  o f  an o p t ic a l ly  
ac tiv e  a lco h o l h as  been  used  can be c o r r e la te d  in  no sim ple manner w ith  th e  
s tereochem ical s t r u c tu r e  o f th e  alcohol*  as has been p o s s ib le  in  th e  
McKenzie type asym m etric s y n th e s is  in  which a G rignard  re a g e n t r e a c t s  w ith  an 
o p tic a lly  a c t iv e  e s t e r  o f a k e to -a c id .  A lso th e re  would seem to  be no 
simple r e la t io n s h ip  betw een s t r u c tu r a l  changes i n  th e  r e a c ta n ts  and th e  e x te n t 
of asymmetric s y n th e s is .  However* i t  was hoped th a t  a  s tudy  o f  th e  a b so lu te  
co n fig u ra tio n s  o f th e  [3-h y d ro x y -ac id s  u l t im a te ly  o b ta in e d  m ight h e lp  in  th e  
e lu c id a tio n  o f  f a c to r s  which c o n tro l th e  s te reo ch em ica l course  o f  a d d it io n .
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S E C T I O N  r V
ABSOLUTS! CONFIGURATION STUDIES
IV. ABSOLUTS COffFICURATIOU STUDIES
( i )  In tro d u c tio n
P rev ious work on asym m etric s y n th e s is  in  th e  Reform atsky r e a c t io n  
has shown th a t  th e  p a r t i a l l y  o p t ic a l ly  a c t iv e  P-hydroxy«acids u l t im a te ly  
ob ta ined  from th e  r e a c t io n  o f («)«»menthyl brom oacetate  w ith  c e r ta in  n -a l ip h a tic  
aldehydes o r  w ith  benzaldehyde have a p reponderance o f th e  isom er w hich has 
the c o n f ig u ra tio n  shown in  I  [1 9 ]•  As d isc u sse d  l a t e r ,  i t  has a ls o  been 
shown th a t  P“ hydroxy«p«phenylbutyric a c id  o b ta in ed  from th e  in te r a c t io n  o f 
acetophenone and («)«m enthyl b rom oaceta te  has a preponderance o f t h a t  isom er 
dep ic ted  in  I I .
CH .GO H
t 2 2
* i
H ' O -  C - C ]  OHI
*I* I
R
R = n*=*alkyl o r  Ph
I  I I
However, th e  a b so lu te  c o n f ig u ra tio n  o f  no o th e r  P -hyd roxy-acids p re p a red  in  
th is  in v e s t ig a t io n  has p re v io u s ly  been de term ined ; in d eed  P-hydroxy«P»phenyl»
t
P -(o ~ to ly l)~ p ro p io n ic  a c id  i s  th e  on ly  one w hich has e v e r  been re so lv e d .
In  th e  e a r l i e r  work w ith  acetophenone and benzaldehyde i t  was found 
th a t the use o f («)® bom yl b rom oaceta te  in s te a d  o f ( - )-m e n th y l brom oacetate
CfL.CO^Ht ^
C
♦VI
Ph
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le d  to  a p ro d u c t w ith  th e  o p p o site  s ig n  o f r o ta t io n  [ l8 ,  19 ]• S im ila r  
r e s u l ts  were o b ta in e d  w ith  fo u r  o f th e  s ix  carbony l compounds s tu d ie d  in  th e  
p re sen t in v e s t ig a t io n .  However, in  c o n tr a d is t in c t io n ',  no r e v e r s a l  in  th e  
d ire c tio n  o f r o ta t io n  o f th e  P -hydroxy^acid occu rred  when e i t h e r  cy c lohexy l 
phenyl ketone o r  o«metbylbenzophenone r e a c te d  w ith  (« )~ b o m y l brom oacetate  
in s te a d  o f (~)~m enthyl b ro m o aceta te .
C onsequently  a tte m p ts  were made to  determ ine th e  a b so lu te  configura tions 
of b o th  p-cyclohexyl-P«hydroxy«P“p h en y lp ro p io n ic  a c id  and 0 -hy d r  oxy-0~phenyl- 
£ -(o ~ to ly l)p ro p io n ic  a c id  in  o rd e r  to  a s c e r ta in  w h e th er, in  th e se  in s ta n c e s
W ftS
the mexthyl c r  th e  b o rn y l group were d i r e c t in g  th e  cou rse  o f a d d it io n  to  th e  
carbonyl group in  an o p p o s ite  sense to  t h a t  observed  in  o th e r  r e a c t io n s  
e .g . benzaldehyde.
The a b so lu te  c o n f ig u ra tio n  o f P~cyclohexyl«#*hydroxypropionic a c id  
has a lso  been e s ta b l i s h e d  and f u r th e r  experim ents have been c a r r ie d  ou t on 
the ab so lu te  c o n f ig u ra tio n  o f  ^ h y d roxy~ 0«pheny lbu ty ric  a c id .
( i i )  ft-Cyolohe:xyl~3~hydroxy” 8 "p heny lp rop ion io  A cid
I t  was p roposed  to  c o r r e la te  th e  c o n f ig u ra t io n  o f (3«cyclohexyl- 
P~hydroxy*=ft«phenylpropionic a c id  w ith  t h a t  o f c y c lo h e x y lp h e n y lc a rb in o l. The 
co n fig u ra tio n  o f a  number o f (« )“ a lk y lp h e n y lc a rb in o ls  and 
(« )« cy c lo h ex y lp h en y lca rb in o l have been shown to  be th e  same by a p p l ic a t io n  
of freu d en b e rg 1s d isp lacem en t r u l e ,  and th e  a b so lu te  c o n f ig u ra tio n  o f 
e th y lp h en y lca rb in o l and m eth y lp h en y lca rb in o l were in d ep en d en tly  e s ta b l is h e d
[73].
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The ro u te  in v e s t ig a te d  w ith  th e  view  to  e s ta b l i s h in g  th e  r e la t io n s h ip
of the  c o n f ig u ra tio n  o f |>cyclohexyl«(>hydroxy~ (3~phenylpropionic a c id  to
th a t of cy c lo h ex y lp h en y lca rb in o l i s  o u t l in e d  below: 
CA l (P h )a (0H).CH2 .C° H C^H (ph)CH.CH^.CO H
^ 1 1
C,H (Ph)CIDH —}  C H (Ph)CH3X 
6 IX 6 XX
The re a c tio n s  were f i r s t  s tu d ie d  w ith  racem ic m a te r ia l  b e fo re  p ro ceed in g
w ith  th e  o p t ic a l ly  a c t iv e  compound.
Conversion o f Gy c l  o hexy lp  henyl carb  in o l  in to  C h i o r  ocy c l  o hexylp he nylme thane
C y clo h ex y lp h en y lcarb in o l, m .p. 4 8 .5 °?  was o b ta in e d  by th e  in t e r a c t io n  
of cyclohexylmagnesium c h lo r id e  and benzaldehyde in  6Q% y i e ld .  O ther 
w orkers, p re p a rin g  th e  a lc o h o l from th e  G-rignard re a g e n t of cy c lohexy l 
bromide and th e  a ld eh y d e , re c o rd  b .p .  lh l° /2 0  mm., y ie ld )  [7^ ] ,  m .p.
49-50° (8XJS), [7 5 ] , m .p . 50°(25$) [7 6 ]. The r e s o lu t io n  o f th e  a lc o h o l ,  
through the  c in ch o n id in e  s a l t  o f th e  hydrogen p h th a la te ,  has been d e sc r ib e d  
by Levene and Mikeska [7 7 ].
The ( i ) - c a r b in o l  was co n v e rted  in to  c h i o r  o eye1o hexylp henylme thane by 
trea tm en t w ith  th io n y l  c h lo r id e  in  th e  absence o f s o lv e n t .  This r e a c t io n ,  
involv ing  d isp lacem en t a t  th e  phenyl s u b s t i tu te d  asym m etric carbon  atom , 
has been shown to  occu r w ith  r e te n t io n  o f c o n f ig u ra tio n  [78 ].
The racem ic c h lo r id e  was o b ta in e d  in  good y i e ld  as an o i l
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o 25(b .p . 128 /2 .2  mm., 1 .5395)* w hich slow ly s o l i d i f i e d  on keeping! i t
had m .p. 27°. Kenyon and co-w orkers [7 6 ] reco rd  h .p .  12f6«148°/L5 mm.,
n ^  1 . 5 -^25, m .p. 27«=,29° f o r  th i s  compound • Xde e t  a l .  d e sc r ib e  th e
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racemic c h lo r id e ,  o b ta in e d  by t r e a t i n g  a s o lu tio n  o f th e  c a rb in o l in  to lu en e  
w ith  th io n y l c h lo r id e ,  a s  an o i l  b .p .  99 .5  -  102 / l  mm.[7 9 ] .
O p tic a l ly  a c t iv e  c h lo r id e s  were o b ta in ed  by Kenyon and fe llo w  w orkers 
[76 ] from th e  o p t i c a l ly  a c t iv e  c a rb in o ls  by t r e a t in g  them w ith  th io n y l 
c h lo r id e . These c h lo r id e s  underw ent some racem iza tio n  d u ring  d i s t i l l a t i o n .  
Levene and M ikeska[77l o b ta in ed  c h lo r id e s  having h ig h e r  o p t ic a l  r o ta to r y  
power from c a rb in o ls  o f low er o p t ic a l  p u r i ty !  Kenyon co n sid e red  th a t  t h i s  
was p robab ly  because th e  d i s t i l l a t i o n  had been c a r r ie d  ou t a t  a low er 
p re ssu re  and co n seq u en tly  low er tem p e ra tu re .
P rep a ra tio n  o f fl-Cyolohexyl” ft~phenylpropionio A cid from 
C hlorooyclohexylphenylm ethane
^«C yclohexyl-p«phenylpropionic  a c id  was p re p a red  by th e  in te r a c t io n  
of ch lorocyclohexylphenylm ethane w ith  d ie th y l  sodio  m alonate , and 
subsequent h y d ro ly s is  and d eca rb o x y la tio n .
CgH^PhJCHJl + GHNaCCOgEt)
C,H (Ph)CH.CH(CO E t)  — *  C.H (Ph)CH.CH(C0 H) 
b 11 2 2 °  11 2 2
i
C,H (Ph)CH.CH .CO H 
6 IX '  '  2 2
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The r e a c t io n  in v o lv es  d isp lacem ent a t  th e  asymm etric carbon 
atom and i s  a cc e p ted  a s  o c cu rrin g  w ith  in v e rs io n  o f c o n f ig u ra t io n [8 0 L  
Indeed, Levene and M arker found th a t  when (+)*= l-chloro«l-phenylpropane 
was con v erted  in to  ( ^ “^ “P h e n y lv a le r ic  a c id  th e  r e a c t io n  p roceeded  w ith  
in v e rs io n  o f c o n f ig u ra tio n  [8 1 , 82 , 83L  Bergmann a ls o  concluded
th a t  the  r e a c t io n  to o k  p la ce  w ith  in v e rs io n  o f c o n f ig u ra tio n . U lr ic h  
afc a d , [85] u t i l i s e d  th e  f a c t  t h a t  such r e a c tio n s  p roceeded w ith  in v e rs io n  
of c o n f ig u ra tio n  to  c o r r e la te  th e  c o n f ig u ra tio n  o f 2~bromooctane w ith  
3«methylnonanoic a c id ,
Cr H .C H Br.M e — 4  MeCIi(CH .GO H ).C  H 
3 ^  2 2 6 1 3
In  th e  p re s e n t  in v e s t ig a t io n  an excess  o f d ie th y l  m alonate was 
used s in ce  th e re  i s  ev idence th a t  th i s  fav o u rs  th e  fo rm atio n  of a 
monoalhyl e s t e r  [8 6 , 87* 8 8 ] . In  th e  f i r s t  in s ta n c e  th e  r e a c t io n  was 
c a r r ie d  ou t u n d er c o n d itio n s  s im i la r  to  th o se  d e sc rib e d  in  O rganic S y n th es is  
[8 9 ] . The in te rm e d ia te  s u b s t i tu te d  m alonic e s t e r  was hydro lysed  w ith  
hydroch lo ric  a c id  and th e  co rrespond ing  f r e e  a c id  d eca rb o x y la ted  by h e a tin g  
under r e f lu x  w ith  c o n c e n tra te d  h y d ro ch lo ric  a c id .  [9 0 ] . The m onocarboxylic 
ac id  was o b ta in e d  in  poor y i e ld  from th e  a c id ic  r e a c t io n  m ix tu re  as a brown 
s o lid , m .p. 70°75 ° . R epeated  r e c i y s t a l l i s a t i o n  from l i g h t  pe tro leum  gave
white p la te s  o f m .p. 9 2 -9 2 .5 ° . N enitzecu  and Gavat [ 69] have p re p a red  
P«cyclohexyl~f3-phenylpropionic a c id  by re d u c tio n  of P~cyclohexyl~(3-pheny3aciylic
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a c id  w ith  sodium amalgam, and r e p o r t  m .p. 101°.
The m alonio e s t e r  sy n th e s is  was re p e a te d  w ith  n~butanol a s  s o lv e n t ,  
thus c a r ry in g  o u t th e  r e a c t io n  a t  a  h ig h e r tem pera tu re  [9 1 , 92 , 93]* I t  
i s  re p o r te d  t h a t  in c re a s e d  y ie ld s  a re  o b ta in ed  by th e  use o f n«*butanol [ 92f ] ,  
and the  c o n d itio n s  u sed  f o r  th e  r e a c t io n  were s im i la r  to  th o se  d e sc rib e d  
by P rou t and S p ik n e r [95] • In  th e se  experim ents th e  in te rm e d ia te  
d ica rb o x y lic  a c id  was decomposed by h e a tin g  i t  under reduced  p re s su re  u n t i l  
the e v o lu tio n  o f carbon d io x id e  ceased  [93* 96] % the  fawn s o l id ,  m .p. 
78-82°, was o b ta in e d  in  b e t t e r  y i e ld  than  in  th e  e a r l i e r  exp erim en ts .
The r e a c t io n  w ith  d ie th y l  sodiom alonate was a ls o  c a r r ie d  ou t in  
b o ilin g  e th a n o l c o n ta in in g  a sm all amount o f N ,N-dim ethylform am ide. 
U,N~dimethylformamide has been shown to  a c t  as a c a ta ly s t  in  t h i s  type of 
re a c tio n  [ 97]•  Zaugg and fe llo w  w orkers have in v e s t ig a te d  s p e c i f ic  
so lv en t e f f e c t s  in  th e  a lk y la t io n  o f e n o la te  an ions and found th a t  th e  r a te  
of re a c t io n  in  "m alonic e s t e r  sy n th e s is "  in c re a se d  in  the* p resence  o f 
d im ethy lf ormamide [ 9 8 , 99-1 • D ecarboxy la tion  of th e  in te rm e d ia te  
d ica rb o x y lic  a c id  was a g a in  c a r r ie d  ou t by h e a tin g  i t  tinder reduced  p re s su re  
and the  re q u ire d  P «cyclohexyl“ (3«phenylpropionic a c id ,  i s o la te d  by 
d i s t i l l a t i o n ,  was o b ta in e d  in  b e t t e r  y i e ld  th an  in  o th e r  ex perim en ts. 
Moreover th e  a c id  had m .p. 97*5°, which was unchanged by re  c r y s t a l l i s a t i o n  
from petro leum  e th e r .
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Attempted ffidrogenolysis of fl^Cyolohexyl-ft^hydroxy-ft-phenylpropionlo 
Acid
I t  was hoped to  c o n v e rt P -cyo lohexy l-P ^hydrosy-P -pheny lp rop ion ic  a c id  
in to  P«cyclohexyl«|3~phenylpropionic a c id ,  th e  hydrogeno lysis  be ing  a f f e c te d  
by tre a tm e n t w ith  Raney n ic k e l . Bonner et_ a l • [lool have in v e s t ig a te d  the  
stereochem ica l p a th  fo llo w ed  du rin g  Raney n ic k e l c a ta ly s e d  hydrogeno lysis  o f 
d e r iv a tiv e s  o f a t r o l a c t i c  a c id .  They found th a t  when th e  m ethyl e s t e r  of 
]> > (« )« a tro lac tic  a c id  in  e th a n o l was re f lu x e d  w ith  an excess of Raney n ic k e l 
the e s t e r  o f D«(+)~2“p h en y lp ro p io n ic  a c id  was o b ta in e d , th e  r e a c tio n  
proceeding w ith  a lm ost com plete r e te n t io n  of c o n f ig u ra t io n . Japanese 
workers have a ls o  s tu d ie d  th e  s te re o c h e m is try  of c a t a ly t i c  hydrogeno lysis  
[ l0 l* l0 2 , 103* IOJh, 105]* They concluded th a t  hydrogeno lysis  o f s u b s t i tu te d  
benzyl a lc o h o ls  over Raney n ic k e l  c a t a ly s t  in  e th a n o l occurs w ith  r e te n t io n  
of c o n f ig u ra tio n  [ l 0 6 ].
In  the  f i r s t  in s ta n c e  p re lim in a ry  experim ents were c a r r ie d  ou t on 
the hydrogeno lysis  o f (3~ cyc lohexy l-hyd roxy-(3 -pheny lp rop ion ic  a c id ,  m .p. 
175~175*5°j w hich was p re p a red  by th e  R eform atsky r e a c t io n .  N en itzecu  and 
Gavat [7 2 ]reco rd  m .p. 175° f o r  th e  l^h y d roxy-acid . However, from an 
e th an o lie  s o lu t io n  o f th e  f r e e  a c id ,  w hich had been h ea ted  under r e f lu x  in  
the p resence o f an ex cess  o f Raney n ic k e l ,  on ly  th e  s t a r t i n g  m a te r ia l  was 
is o la te d . M oreover, when r e f lu x in g  b u ta n o l was u sed  in s te a d  o f e th a n o l ,  
none of the  re q u ire d  p ro d u c t co u ld  be i s o la te d .  Papa and fe llo w  w orkers 
[l07 , 108]have re p o r te d  t h a t  th e  h y d ro g eno lysis  o f c e r ta in  a l k a l i  so lu b le
-46-
compounds p roceeded  sm oothly and in  good y ie ld  when Raney n ic k e l a l lo y  
in  aqueous a l k a l i  was u sed . However, hydrogeno lysis  o f the  p -h y d ro x y -ac id  
could n o t be e f f e c te d  under s im i la r  c o n d itio n s  .
A ttem pts were then  made to  c a t a l y t i c a l l y  remove the  -OH group o f th e  
methyl e s t e r  r a t h e r  th an  th e  f r e e  a c id .  P-  C yclohexyl-P-hydroxy-P-phenyl-
p rop ion ic  a c id  was e s t e r i f i e d  w ith  diazom ethane. An e th e r e a l  s o lu t io n  o f 
diazomethane was p re p a red  from to lu en e -p -su lp h o n y lm e th y ln itro sam id e  by a 
procedure s im i la r  to  t h a t  u sed  by Boer and Backer [ l0 9 ]  5 t h i s  method of 
p re p a ra tio n  was p r e f e r r e d  s in ce  o th e r  p o s s ib le  s t a r t i n g  m a te r ia ls  have been 
shown to  be c a rc in o g e n ic , as i s  diazom ethane i t s e l f  [llO ^#  M ethyl 
P -eyc lohexy l-P -hydroxy-P -pheny lp rop ionate  was o b ta in ed  in  good y ie ld  as  w hite  
needles m .p. 88.5*°89°. H ith e rto  th i s  e s t e r  has n o t been re p o r te d  in  th e  
l i t e r a t u r e .
ly d ro g e n o ly s is  o f th e  m ethyl e s t e r  co u ld  n o t be e f f e c te d  by h e a tin g  
an e th a n o lic  s o lu t io n  o f i t  w ith  Raney n ic k e l  f o r  v a ry in g  p e rio d s  o f tim e .
The p ro d u c t i s o l a t e d  a f t e r  t h i s  tre a tm e n t was hydro lysed  and th e  f r e e  a c id  
thus o b ta in ed  d id  n o t dep ress  th e  m .p. o f an a u th e n tic  specimen 
p-cyc 1 ohexyl-P- hy d ro x y « p -pheny lp rop^ ion ic  a c id . None o f th e  d e s ire d  p ro d u c t 
was o b ta in ed  from an experim en t c a r r ie d  o u t a t  room tem p eratu re  and under 
hydrogen p re s su re  s l i g h t l y  above a tm o sp h eric . M oreover, i f  a suspension  o f 
the c a ta ly s t  i n  e th a n o l was shaken in  an atm osphere o f hydrogen u n t i l  
adsorp tion  was com plete b e fo re  th e  e s t e r  were added, and the  r e a c tio n  m ix ture
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then h e a te d , on ly  3~cyclohexyl=(3~hydroxy~[k>phenylpropionic a c id  was o b ta in ed  
a f t e r  h y d ro ly s is .
The p o s s i b i l i t y  o f hyd rogeno lysis  in  th e  p resence  of Raney n ic k e l
occurring  under g r e a te r  hydrogen p re s su re  was in v e s t ig a te d .  Even a t  a
o
maximum tem p era tu re  o f 85 and a maximum p re s su re  o f 120 a tm ospheres, and 
under more d r a s t i c  c o n d itio n s  o f a  maximum tem peratu re  o f 154° and a  maximum 
p ressu re  o f 132 atm ospheres o f hydrogen, hydrogeno lysis  o f m ethyl p-cyclohexyL~ 
P -bydrosy-P -phenylprop ionate  d id  n o t occu r.
I t  th u s  appeared  th a t  $~cyclohexyl“ |3«hydroxy~!3~phenylpropionic a c id  
was r e s i s t a n t  to  hyd ro g en o ly sis  over Raney n ic k e l u s in g  th e se  te ch n iq u es .
I t  i s  i n t e r e s t i n g  to  no te  t h a t  b o th  2~ pheny lp ropan« l,2«d io l and l,l«d iphenyl*»  
ethanol have been s u c c e s s fu lly  hydrogenolysed by tre a tm e n t w ith  Raney n ic k e l  
in  re  f lu x in g  e th a n o l [ n i l .
The p o s s i b i l i t y  o f e f f e c t in g  hydrogeno lysis  w ith  a d i f f e r e n t  c a ta ly s t  
was co n sid e red . I t  has been re p o r te d  t h a t  th e  hyd rogeno lysis  of benzy l type 
a lcohols over p a lla d iu m -c h a ro o a l proceeds w ith  in v e rs io n  of c o n f ig u ra tio n  
[lO l, 102, 104-]. However, a tte m p ts  to  e f f e c t  the  hydrogeno lysis  o f m ethyl 
P“cyclohexyl«P«hydroxy-P=*phenylpropionate w ith  p a llad iu m -ch a rco a l f a i l e d .
I t  i s  o f i n t e r e s t  t h a t  I s o g a i  ! ll2 jfo u n d  th a t  b e n z i l ic  a c id  ( i )  d id  
not undergo hy d ro g en o ly sis  w ith  pallad ium  c h a rc o a l, n e i th e r  d id  d e r iv a t iv e s  o f 
the e th y l e s t e r  ( l l ,  X = CH^, Ph o r  CgB^CH^) undergo hydrogeno lysis in  the  
presence of p a llad iu m  c h a rco a l o r Raney n ic k e l .
Ph C(0H).00  H Ph C(0X).C0 E t .
2 2 2
I  I I
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Consequent ly  th e  success  o f t h i s  r e a c t io n  sequence f o r  the  de term ination  
of the a b so lu te  c o n f ig u ra tio n  o f {3«cyclohexyl~{3®hydroxy»|3«phenylpropionic 
ac id  now depends upon developm ent o f a method o f h y d rogeno lysis  o f the  
hydroxy~ac i  d •
ft~Hydroxy~ft~phenyl~(3-C g ~ to ly l)-p ro p io n ic  A cid
I t  was p roposed  to  e s t a b l i s h  th e  c o n f ig u ra tio n  o f l - p h e n y l - l - ( o ~ to ly l ) -  
propane ( i )  by r e l a t i n g  i t  to  t h a t  o f e th y lp h e n y lc a rb in o l ( i l ) .  The 
abso lu te  c o n f ig u ra tio n  o f e th y lp h e n y lc a rb in o l has been une quivocably  
e s ta b lish e d  [ 73] ,  by r e l a t i n g  i t  to  th a t  o f m andelic a c id . The c o n f ig u ra tio n  
of P»hydro2y~{3-phenyl«f3~(oytolyl)«>propionic a c id  ( i l l )  m ight then  be 
c o rre la te d  w ith  t h a t  o f hydrocarbon, l -p h e n y l« l- (o « to ly l) -p ro p a n e . The 
scheme f o r  th e  r e a c t io n  sequences s tu d ie d  in  th i s  in v e s t ig a t io n  i s  o u tl in e d  
o v e rlea f .
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Conversion of E t  hy In  he ny 1 c a rb  in  o l in to  l~ P h e n y l« l« (o - to ly l# )~propane
iik. and (« )"E th y lp h en y Io a rb in o I
( i)~ E th y lp h e n y lc a rb in o l was o b ta in ed  in  70$ y ie ld  from th e  in te r a c t io n
25
of benzaldehyde and ethylm agnesium  brom ide; i t  had b .p .  102 /1 4  mm., n 1.5237<,
“D
Published f ig u r e s  fo r  the in a c t iv e  ca rb in o l, which had been prepared s im ila r ly ,
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include b .p .  2 l0 -211°/750  mm. [ l l 3  la n d  b .p .7 6 °/3  mm., n 1.5210 C 1X4-3 •
D
The r e s o lu t io n  o f (*s*)*=»ethylphenylcarbinol was a ttem p ted  by th e  method 
described  by P ic k a rd  and Kenyon [115L  They o b ta in ed  th e  (+ )» ca rb in o l by 
f r a c t io n a l  r e c r y s t a l l i s a t i o n  o f th e  b ru c in e  s a l t  o f th e  hydrogen su cc in a te  
from ace to n e , and th e  ( - ) - c a r b in o l  by c r y s t a l l i s a t i o n  o f the  c in ch o n id in e  
s a l t  of th e  same e s t e r .  However, in  t h i s  in v e s t ig a t io n  no c r y s ta l l in e  a l -  
k a lo id a l s a l t  co u ld  be o b ta in e d . "G lasses" were o b ta in ed  which d is so lv e d  
r e a d i ly , . in  th e  c o ld , in  t r a c e  amounts of any o f a wide range o f s o lv e n ts . 
Attempts to  o b ta in  a c r y s t a l l i n e  b ru c in e  s a l t  o f th e  hydrogen p h th a la te  of 
e th y lp h en y lca rb in o l were a ls o  u n su c c e ss fu l. P ic k a rd  and Kenyon had found 
th a t no r e s o lu t io n  co u ld  be e f f e c te d  w ith  th e  b ru c in e , s try c h n in e  o r  
cinchonidine s a l t s  o f th e  hydrogen p h th a la te s  o f e th y lp h e n y lc a rb in o l.
However, Levene and Kike ska C ll6  1 re so lv e d  th e  c a rb in o l th rough  the  
strychnine s a l t  o f th e  hydrogen p h th a la te .  They m ain ta in ed  th a t  when th e  
a lk a lo id  u sed  f o r  r e s o lu t io n  was capable  o f c r y s t a l l i z a t i o n  in  e i t h e r  an 
anhydrous o r h y d ra ted  form , i t  was n ecessa ry  to  m ain ta in  c o n d itio n s  such 
th a t one s a l t  i s  form ed th ro u g h o u t. The s try c h n in e  s a l t  o f th e  hydrogen
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p h th a la te  was re p e a te d ly  e x tr a c te d  w ith  d ry  e th y l  a c e ta te  f o r  24 hours a t  
36° u n t i l  th e  o p t ic a l  r o ta t io n  o f th e  c a r b in o l ,  o b ta in ed  from th e  hydrogen 
p h th a la te , rem ained c o n s ta n t.
In  th e  p re s e n t  work (* )~ e tly lp h e n y lc a rb in o l was co n v erted  in to  th e  
hydrogen p h th a la te  by h e a tin g  a  m ix ture  o f th e  c a rb in o l and p h th a l ic  
anhydride in  p y r id in e  [ 117] .  D uring e x tr a c t io n  o f th e  hydrogen p h th a la te  
from th e  re a c t io n  m ix ture  w ith  a  s a tu r a te d  s o lu t io n  o f sodium c a rb o n a te , 
a f t e r  removal o f th e  p y r id in e ,  a s o l id  m .p. 5 2 .5 °3 s e p a ra te d  from th e  
a lk a lin e  s o lu t io n .  The s o l id  was shown to  be a  h y d ra ted  sodium s a l t  o f th e
hydrogen p h th a la te ;  th e  f r e e  hydrogen p h th a la te ,  m .p. 65. 5~66° ,  co u ld  be 
obtained  from th e  s a l t  by t r e a t i n g  i t  w ith  d i lu te  h y d ro ch lo ric  a c id . Levene 
and Marker d id  n o t r e p o r t  a  m .p. f o r  th e  hydrogen p h th a la te  n o r d id  they  r e f e r  
to  the s e p a ra tio n  o f a s o l id  from th e  a lk a l in e  e x t r a c t .
The s try c h n in e  s a l t  o f th e  hydrogen p h th a la te  was p rep a red  in  ace to n e . 
P relim inary  experim ents showed th a t  r e c i y s t a l l i z a t i o n  o f t h i s  s a l t  from 
e ith e r  m ethyl a lc o h o l o r  ace to n e  caused  an in c re a s e  in  th e  r o ta t io n  o f th e  
s a l t  g r e a te r  th a n  th a t  o b ta in e d  by e x tr a c t io n  o f th e  s a l t  w ith  e th y l  a c e ta te  
(according to  th e  p rocedure  o f Levene and M arker). Thus th e  s a l t  was 
f r a c t io n a l ly  r e c r y s t a l l i z e d  from  m ethanol to  c o n s ta n t r o ta t io n ;  i t  had 
f in a l ly  [a ]  -4 0 .7 °  (0 5*02 in  c h lo ro fo rm ), m .p. 178.5~179°. No p h y s ic a l 
constan ts a re  re c o rd ed  f o r  t h i s  s a l t  in  th e  l i t e r a t u r e .
The o p t i c a l ly  a c t iv e  hydrogen p h th a la te s ,  l i b e r a te d  from th e  s try c h n in e  
s a l t  by decom position w ith  d i lu te  ammonia fo llo w ed  by a c id i f i c a t i o n ,  were
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ob ta ined  as o i l s ;  t h a t  from which the  most a c t iv e  c a rb in o l was o b ta in ed  
having [ a ] -2 7 .7 °  ( £ 6 .2 9  in  ch lo ro fo rm ). Levene and Mike ska re c o rd  [a ]
-2 .0 1 ° (s o lv e n t and c o n c e n tra tio n  a re  n o t s t a t e d ) ,  Mosher and co-w orkers 
[731 have e s tim a te d  th e  approxim ate maximum r o ta t io n  o f e th y lp h e n y lc a rb in o l 
hydrogen p h th a la te  to  be [a ]« 3 5 .2 °  ( in  ch loroform ) from a v a lu e  based  on 
the r o ta t io n  o f p a r t i a l l y  a c t iv e  hydrogen p h th a la te .  The o p t ic a l ly  a c t iv e  
ca rb in o l was o b ta in e d  from th e  a c id  e s t e r s  by h y d ro ly s is  w ith  an e th a n o lic  
so lu tio n  o f sodium e th o x id e  acco rd in g  to  th e  method d e sc r ib e d  by Kenyon and 
co-workers [ 118] .  The a lc o h o l was o b ta in ed  a -2 8 .4 °  (homogeneous),
W  - 58 .1  (c 2 .66 in  e th e r ) .  Kenyon and P ic k a rd  re c o rd  b .p .  1 1 5 - ll6 ° /2 5  mm.,
r I 2?*20 20 0
LaJ -29*07° (homogeneous), and Levene and Mikeska re c o rd  [a ]  -55*54
(c 9*992 in  e th e r ,  1 ,1 )  f o r  th e  o p t ic a l ly  a c t iv e  c a rb in o l .
Conversion o f the Carbinol in to  l-P h en y l~ l-(o -to ly l)-p ro p a n e
The fo llo w in g  work was c a r r ie d  o u t w ith  th e  racem ic c a rb in o l;  i t  had 
been in te n d e d  to  p e rf.e c t c o n d itio n s  u s in g  th e  racem ate and then  to  re p e a t 
the work w ith  th e  o p t ic a l ly  a c t iv e  c a rb in o l .  However, th e  r e s u l t s  were so 
d iscourag ing  th a t  no work was c a r r ie d  ou t w ith  th e  o p t ic a l ly  a c t iv e  a lc o h o l .
As seen  from th e  scheme on page 49*, a ttem p ts  were made to  o b ta in  the  
hydrocarbon, l-p h e n y l« l- (o y to ly l) -p ro p a n e  from e th y lp h e n y lc a rb in o l by two 
ro u tes :
(a ) by tre a tm e n t o f th e  to lu en e« £ -su lp h o n a te  w ith  a G-rignard re a g e n t,
(b) by tre a tm e n t o f th e  c h lo r id e  w ith  o y to ly l sodium.
(a)Treatraent o f T o lu e n e ^ -su lp h o n a te  w ith  a G-rignard Reagent
Oilman and Beaber [ 119] have shown th a t  where R in  RMgX i s  of h ig h  
m olecular w eigh t such a s  in  phenylmagnesium brom ide, f a i r  y ie ld s  o f 
hydrocarbon a re  o b ta in e d  by th e  a c t io n  of RMgX on th e  to lu ene-jv -su lphonate  
of an a lcoho l*
p-Me-G^H .SO .OR + R MgX —^  R.R + (p-Me*»C H SO ) Mg + MgX
6  Z*. 2  6  If 3 2  2
S im ila r o b se rv a tio n s  were made by R em s and Lapworth [ 120 1 From a  s tu d y  
of the  r e a c t io n  o f  th e  to lu e n e * ^ su lp h o n a te  of (+ )«2~butanol and of 
(+)-beiizylme t  h y lc a rb in o l w ith  phenylmagnesium bromide Kenyon e t  a l . [ l 2 l ]  
have shown th a t  t h i s  type o f r e a c t io n  occurs w ith  in v e rs io n  o f c o n f ig u ra tio n .
W ith a view  to  s tu d y in g  t h i s  type o f r e a c t io n  f o r  o b ta in in g  c o r r e la t io n  
between th e  c o n f ig u ra t io n  o f e th y lp h e n y lc a rb in o l and l« p h e n y l~ l~ (o « to ly l)~  
propane a method f o r  th e  p re p a ra t io n  o f th e  toluene«j>>sulphonate o f 
e th y lp h e n y lca rb in o l needed to  be developed. Mensard e t  a l .  L l22l c a r r ie d  
out k in e t ic  s tu d ie s  on th e  p e rcen tag e  to s y la t io n  o f e th y lp h e n y lc a rb in o l when 
the a lco h o l was t r e a te d  w ith  an aqueous s o lu t io n  o f p y r id in e  c o n ta in in g  
to lu en e-p -su lp h o n y l c h lo r id e j  th e  r e a c t io n  was fo llo w ed  by t i t r a t i n g  th e  
l ib e ra te d  to luene-jD -su lphonic  a c id  w ith  a l k a l i .  These w orkers concluded 
th a t 7 2 .8 ^  to s y la t io n  o f e th y lp h e n y lc a rb in o l had taken  p la c e  a f t e r  180 
m inutes. However, no a tte m p t was made to  i s o l a t e  o r  even to  show the  
presence o f th e  e s t e r .  P re p a ra tio n  o f th e  to lu en e* ^ -su lp h o n a te  was
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attem pted  by t r e a t i n g  th e  a lc o h o l w ith  toluene«£~ su lphonyl c h lo r id e  in  
p y rid in e  as s o lv e n t [ o f .  121, 123, 122j., 125]* However, a pure specimen 
of the toluene«=£~ su lphonate  co u ld  n o t be o b ta in ed .
D i f f ic u l ty  in  th e  p re p a ra t io n  o f th e  toluene*=*£«sulphonate o f th e  
lower homologue, m e th y lp h en y lca rb in o l by th i s  method, was a ls o  en co un tered  
by Kenyon e t  a l .  [126 ]. These w orkers overcame th e s e  d i f f i c u l t i e s  by 
p rep arin g  th e  to lu e n e  ~£~sulphonate o f m eth y lp h en y lca rb in o l th rough  the  
t  olue ne«£« su lp  h in a te .  The to lu en e~ £ « su lp h in a te  o f m e th y lp h en y lca rb in o l, a l ­
though r a th e r  u n s ta b le ,  cou ld  be i s o la t e d  and th e  o x id a tio n  to  th e  su lp  honate 
^ /e ffec ted  w ith  "hypero !" LcoCNH^.H^O^J . Owing to  th e  i n s t a b i l i t y  o f th e  
sulphonate i t  co u ld  n o t be p u r i f i e d  and , in  g e n e ra l , th e se  w orkers used  i t  
in  s i t u  f o r  f u r t h e r  ex p erim en ts.
A ttem pts were th e re fo re  made to  p rep a re  1 -pheny lp ropy l 
to lu en e~ p«su lph ina te  w ith  a  view  to  o x id is in g  i t  to  th e  su lp h o n a te . However, 
the in te r a c t io n  o f to lu en e« £ ~ su lp h in y l c h lo r id e  w ith  e th y lp h e n y lc a rb in o l 
in  e th e r« p y rid in e  [ o f .  127, 1 2 8 ], fu rn ish e d  a p ro d u c t which cou ld  n o t be 
s u f f ic ie n t ly  p u r i f i e d  to  e s t a b l i s h  i t s  i d e n t i t y .  The most s a t i s f a c to r y  
method f o r  the  p re p a ra t io n  o f to lu en e~ £ « su lp h in y l c h lo r id e  ?;as found to  be 
the trea tm en t o f sodium to lu en e~ £ « su lp h in a te  d ih y d ra te  w ith  th io n y l c h lo r id e  
[129] .  The su lp h in y l c h lo r id e  was o b ta in ed  in  good y i e ld  as an o ff-w h ite  
viscous o i l .  The su lp h in y l c h lo r id e  has been d e sc r ib e d  as a s o l id ,  
m.p, 3^”5 B °[l3 o ], b u t Braun and K a ise r  [ l 3 l l  and K urzer L l29]cou ld  n o t 
induce the  o i l  to  c r y s t a l l i z e ;  m oreover P h i l l ip s  [ l3 2 ] cou ld  n o t always
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ob ta in  a c r y s t a l l i n e  specim en. The p re p a ra t io n  of th e  su lp h in y l c h lo r id e  
from th e  f r e e  su lp h in io  a c id  and th io n y l c h lo r id e  was a ls o  s tu d ie d . When 
hydroch lo ric  a c id  [ 133] was u sed  to  l i b e r a t e  th e  f r e e  a c id  from th e  sodium 
s a l t  and th e  a c id  was th en  added to  th io n y l  c h lo r id e , th e  r e s u l t in g  a c id  
ch lo rid e  decomposed on w orking up [ 1 3 2 ]. L indberg  [ l 3 4 ]  c laim ed th a t  
hyd roch lo ric  a c id  ten d ed  to  cause c a ta ly tic  decom position o f th e  a c id  and th a t  
i t  was b e t t e r  to  use  su lp h u ric  a c i d . When th e  f r e e  a c id  was l ib e r a te d
w ith  su lp h u ric  a c id  and then  added to  th io n y l c h lo r id e ,  th e  p ro d u c t ag a in  
decomposed on w orking up; however, i f  th io n y l c h lo r id e  were added to  the  
fre e  a c id  the  s u lp h in y l c h lo r id e  was o b ta in ed  in  poor y ie ld .
Treatm ent o f l« C h lo ro -l-p h en y lp ro p an e  w ith  oyTolylsodium
The p re p a ra t io n  o f oy to ly lsod ium  and i t s  r e a c t io n  w ith  1 - c h lo r o - l -  
phenylpropane was a ls o  s tu d ie d  w ith  a view to  p re p a rin g  l-p h © n y l- l- ( o ~ to ly l)*=> 
propane by a ro u te  which co u ld  be used  f o r  th e  d e te rm in a tio n  of th e  a b so lu te  
c o n fig u ra tio n  o f P -hydroxy«(3-phenyl~p«(oyto ly l)«propionic  a c id .
This type o f r e a c t io n  in v o lv e s  d isp lacem en t a t  the  asym m etric carbon 
%
atom, b u t i t  has been shown th a t  th e  W urtz r e a c t io n  p roceeds w ith  in v e rs io n  
of c o n fig u ra tio n  -1, so confirm ing  the  o b se rv a tio n s  o f e a r l i e r  w orkers
[ 135, 136, 1 3 7 ]. The c h lo r id e  r a th e r  th an  th e  bromide was used  in  t h i s
in v e s t ig a tio n  s in c e ,  in  s im i la r  re a c t io n s  i t  had been shown th a t  l e s s  
racem isation  o ccu rred  w ith  th e  c h lo r id e .  Thus th e  r e a c t io n  of
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(«)«bromooctane w ith  ethy lsod ium  gave («)~3ram ethylnonane, which was alm ost
com pletely  racem ised , whereas only  20fo ra c em isa tio n  o ccu rred  w ith
(+ )«2«chlorooctane C13Q1•
(* )~ l“ C hloro«l«phenylpropane was o b ta in ed  from e th y lp h e n y lc a rb in o l
by t r e a t in g  i t  w ith  th io n y l c h lo r id e  acco rd in g  to  the  method d e sc r ib e d  by
McKenzie and Clough [139^* The c h lo r id e  had b .p .  77°A 3 mm., n ^  1.5198;
Park and W right [ l 4 o ]  re c o rd  b .p .  72«79°A 0 mm., n ^ 1 .5426 . A lthough
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the racem ic c h lo r id e  was u sed  f o r  th e  fo llo w in g  work, i t  was known th a t  the  
o p t ic a l ly  a c t iv e  c h lo r id e  co u ld  be o b ta in ed  from an o p t ic a l ly  a c t iv e  a lco h o l 
by t r e a t in g  i t  w ith  th io n y l  c h lo r id e  in  th e  absence o f  a base o r  so lv e n t Qli6]* 
The re a c tio n  in v o lv e s  d isp lacem en t a t  th e  asym m etric carbon atom and under 
the co n d itio n s  d e sc r ib e d  p roceeds w ith  r e te n t io n  o f c o n f ig u ra tio n  [7 8 ] .
The in te n t io n  was to  p re p a re  £ ~ to ly lsod ium  and then  to  t r e a t  i t  w ith  
the a lk y l h a lid e ; by t h i s  means i t  was hoped to  reduce th e  co u p lin g  o f two 
m olecules o f  th e  a lk y l  h a l id e .
No method f o r  th e  p re p a ra t io n  o f oy to ly lsod ium  has been p u b lish e d .
The in te r a c t io n  o f  d i^o y to ly lm ercu ry  and sodium f a i l e d  to  g ive th e  re q u ire d  
product [ l 4 l ] ) a s  shown by ca rb o n a tio n  o f th e  r e a c t io n  m ixture when 
p heny lace tic  a c id  was form ed and no o y to lu ic  a c id .  The isom eric  £~tolylsodium  
is  known to  g ive  benzylsodium  when k e p t a t  room tem peratu re  [ 142] and to  
rearrange even more ra p id ly  on h e a tin g  [ l4 3 j  144]* S im ila r  p ro p e r t ie s  
are e x h ib ite d  by m -to ly lsod ium  [ l4 1 ,  143]* The analogous rearrangem ent 
of o^,m.- and £«sod io«ethy lbenzene  in to  th e  a - iso m e r has a ls o  been
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rep or te d  [w .5 ] .
The fo rm atio n  of oy to ly lsod ium  from o y ch lo ro to luene  and sodium was 
s tu d ie d . The p resen ce  o f oy to ly lsod ium  o r  o f benzylsodium  in  th e  r e a c t io n  
m ixture was shown by t r e a t i n g  i t  w ith  carbon d iox ide  and i s o l a t i n g  th e  a c id  
formed [ c f .  1 4 4 ]. In  p re lim in a ry  experim ents oyc h i oro to lu en e  was added 
dropwise to  a r a p id ly  s t i r r e d  [146] suspension  o f sodium in  l i g h t  p e tro leu m .
At room tem peratu re  th e  r e a c t io n  in  l i g h t  petro leum  b .p ,  40-50° was s lu g g ish , 
but a t  35° o ccu rred  more sm oothly and was marked by th e  su rfa ce  o f th e  sodium 
tu rn in g  b lack  and th e  s o lu t io n  develop ing  a b lu e -b la c k  c o lo u ra t io n . When 
the re a c t io n  was c a r r i e d  ou t in  r e f lu x in g  l i g h t  p e tro leu m , b .p ,  34-35° 
m eta la tio n  was co m p ara tiv e ly  ra p id  as  shown by th e  developm ent o f c o lo u r 
and the  y ie ld  o f o -to ly lso d iu m  (determ ined  as  o y to lu ic  a c id )  was in c re a s e d .
No p h en y lace tic  a c id  was i s o la t e d  n o r was i t  p o s s ib le  to  d e te c t  th e  
c h a r a c te r is t ic  odour o f th e  a c id .
A number o f experim en ts were c a r r ie d  ou t in  which th e  l i g h t  pe tro leum  
so lu tio n  (b .p , 34-35° )o f oy to ly lsod ium  was t r e a te d  w ith  l-ch lo ro -l-p h en y lp ro p an e . 
Y ields were low and re p e a te d  f r a c t io n a l  d i s t i l l a t i o n  of th e  p ro d u c t gave a 
hydrocarbon f r a c t i o n  w hich was shown by g a s - l iq u id  chrom otograpby to  c o n ta in  
a number of com ponents.
L ids tone and M orris  [ l4 7 ]  su g g es t th a t  a good method f o r  th e  p re p a ra t io n  
*
of sodium a ry ls  such  a s  o y to ly l  sodium, shou ld  be by tre a tm e n t o f th e  a r y l  
balide w ith  n-am ylsodium . Thus a tte m p ts  were made to  p rep a re  1 -p h e n y l- l-  
(o y to ly l)-propane by re a c t io n  o f th e  a lk y l  h a lid e  w ith  o y to ly lsod ium , prepared
-58-
frcm ey eh io ro to lu en e  and n«amylsodium [ l 4 8 ] ,  b u t th e  main p ro d u c t o b ta in ed  
was non v o l a t i l e  and t a r r y .
Many p re lim in a ry  experim ents in  a ttem p ts  to  s y n th e s is e  
l« p h e n y l« l~ (o y to ly l) -p ropane were c a r r ie d  out by th e  p rocedure  d e sc rib e d  
in  Organic S y n th e s is  [ 149]*  A m ix tu re  o f h a lid e s  was added to  sodium in  
re f lu x in g  l i g h t  p e tro leum  ( b .p .34 -35°)*  By d i s t i l l a t i o n  o f th e  crude 
re a c tio n  p ro d u c t a h ig h -b o i lin g  hydrocarbon f r a c t io n  was o b ta in ed  which 
d eposited  a  c r y s t a l l i n e  s o l id ,  m .p. 88- 88 . 25° ,  unchanged by r e c r y s t a l l i z a t i o n  
from l i g h t  p e tro leu m . The m other l iq u o r  showed no tendency to  s o l id i f y .
I t  i s  known th a t  homogeneous m ix tu res  o f meso and 3 ,4 -d ip h e n y l hexane 
d eposit c r y s ta l s  o f th e  m eso-isom er, m .p. 86 -87°, on long  s tan d in g  [l5 o ]#
The co rrespond ing  racem ate i s  d e sc rib e d  a s  a  l i q u id  b .p .  292-302°. Lepin 
and R eich [ l 5 l ]  r e p o r t  th e  fo rm atio n  o f a  m ixture  o f (*) and me s o- 3 ,4 - d ip h en y l- 
hexane from th e  r e a c t io n  o f  1 -brom o-l-phenylpropane w ith  sodium in  benzene# 
Therefore i t  seemed p ro b ab le  t h a t  th e  hydrocarbon o b ta in e d  from th e  
W u rtz -F ittig  s y n th e s is  was in  f a c t  a m ix ture  o f th e  isom ers o f 3 94 - d ip h en y l- 
hexane. The c r y s t a l l i n e  p ro d u c t gave a s a t i s f a c to r y  e lem en ta l a n a ly s is  f o r  
3 >4~ dip heny 1 hexane •
A ttem pts were made to  p re p a re  1 , 2-diphcenylbutane,  f o r  use  as  a 
reference compound, by th e  r e a c t io n  o f 1 -c  h i0ro -l-p h en y lp ro p an e  w ith  
benzylsodium [l4 4 *  149> 152]; however on ly  tr a c e s  o f v o l a t i l e  m a te r ia l  were 
obtained.
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In view o f the r e s u lt s  of g a s - liq u id  chromatographic a n a ly s is  o f the
product o b ta in ed  by in t e r a c t io n  of o_«tolyl sodium and l*»c h i oro«l«p henylp ropane
attem pts were made to  p re p a re  an a u th e n tic  specimen o f the  re q u ire d
l« p h en y l~ l» (£ ~ to ly l)» p ro p an e , t h i s  compound n o t having been re p o r te d  in
the lite r a tu r e *  The method chosen was by the in ter a c tio n  o f l-c h lo r o - l^
phenylpropane and oytolylm agnesium  bromide [ c f . 153 ]* I t  i s  u n l ik e ly  t h a t
th is  r e a c t io n  co u ld  be u sed  f o r  c o n f ig u ra tio n  s tu d ie s  s in ce  the  p ro d u c t
obtained  would most p ro b ab ly  be in a c t iv e ,  even i f  o p t ic a l ly  a c t iv e  c h lo r id e
were used  [ c f  • 1 5 ^ 4 - I ndeed Levene and M arker [l55 lo b ta in e d  v i r t u a l l y
o p tic a l ly  in a c t iv e  hydrocarbon from th e  in te r a c t io n  o f methylmagnesium
iodide and o p t ic a l ly  a c t iv e  l-chloro-O L-phenylpropane. From th e  in te r a c t io n
of the G-rignard re a g e n t and th e  c h lo r id e  and subsequent d i s t i l l a t i o n  a 
o 25f r a c t io n ,  b.p* 121 /o * l mm., n. 1.56099 was o b ta in ed . The p ercen tag e  o f
D
carbon and hydrogen o f th e  d i s t i l l a t e  ag reed  w ith  th a t  re q u ire d  f o r  
l~ p h en y l« l~ (o ~ to ly l)« p ro p an e ; b u t ,  g a s - l iq u id  chrom atographic a n a ly s is  
showed th a t  i t  was a  m ulti-com ponent m ixture*
In  view o f th e  f a c t  t h a t  th e  re a c t io n s  o f l« c h lo ro - l« p  henylp ropane 
w ith e i th e r  o« to ly lsod ium  o r  tolylm agnesium  bromide gave r i s e  to  a  number 
of p roducts d i f f i c u l t  to  s e p a ra te  and in  low y ie ld ,  i t  i s  u n l ik e ly  th a t  t h i s  
method would be o f use  f o r  th e  d e te rm in a tio n  o f th e  a b so lu te  c o n f ig u ra tio n  
of l rap h e n y l« l« (o ^ to ly l)“propane. No f u r th e r  work was done, e s p e c ia l ly  in  
view of r e s u l t s  o b ta in e d  from a tte m p ts  to  co nvert f3-hydroxy-!3~phenyl-f3*= (jo-toly]^- 
propionic a c id  in to  l~ p h en y l« l«  (o ~ to ly l)  -p ro p an e •
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Conversion o f P « I^ a ro x y -^ p h e n y l« ^ (o r t o l y l)-»propionio  A cid in to  
l«Phenyl“ l~ (o y to ly l)~ p ro p a n e
A s e r ie s  o f experim ents were perform ed w ith  a  view  to  o b ta in in g  
l« p h en y l-l~  ( oy t o l y l  )-p ropane from P«hydroxy»p-pheriyl«^ (o » to ly l  )~ p ro p io n ic  
ac id  by a ro u te  w hich cou ld  be u sed  f o r  th e  d e te rm in a tio n  of th e  a b so lu te  
c o n fig u ra tio n  o f th e  l a t t e r  compound. The r e a c tio n  sequence i s  o u tl in e d  
below:
C.H_(o-Me-C6H, )C(0H)*CILC09H  C^IL^-Me-O H )0(0H)*CH *C0 Me
15  ^ CHgNg b  ^ 6 4  2 2
J ''
(o-Me-Q E )C(OH)*CH *CH OTos 0,H-(o-M e-0 H )C(0H)»CH *CH OH
5 5  f  2 2 TosC1 6 b  ~  6 4. 2 2
L iA lI^
C6H5(o-Me-CgH )0(°H )-C  H ------ - ---------- C H (oyMe-C H )CH-C H
2 5 paney n ic k e l  6 5 6 4- 2 5
In  th i s  s e r ie s  o f r e a c t io n s  th e  on ly  s tag e  in  which d isp lacem ent 
a t  the asym m etric c e n tre  occurs i s  th e  f i n a l  hydrogeno lysis  s te p .  Thus, 
the r e la t iv e  c o n f ig u ra tio n s  o f th e  a c id ,  e s t e r ,  d io l ,  toluene~joy su lphonate  
and t e r t i a i y  a lc o h o l w i l l  be th e  same.
The s te reo c h e m ica l p a th  fo llo w ed  on hydrogeno lysis  of s u b s t i tu te d  
benzyl a lco h o ls  o v e r Raney n ic k e l  has been shown to  occur w ith  predom inant 
re te n tio n  of c o n f ig u ra t io n ,  a s  d isc u sse d  in  S ec tio n  IV ( i i )  page 45 , in  
connection w ith  th e  d e te rm in a tio n  o f th e  c o n f ig u ra tio n  of 
P"Cyclohexyl«(3~hydroxy«|3~phenylpropionic a c id .
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(i )_[3-• Hydroxy-p-pliony 1 -y«-» ( o,~t o l y l )-p rop  i  on ic a c id  was p rep a red  by th e  
Reformatsky r e a c t io n ;  i t  was o b ta in ed  in  69$ y ie ld  and had m.p* 152° (w ith  
foaming) w hich ag re es  w ith  th e  reco rd ed  f ig u r e  [ m .p .152. 5- 153° (w ith  foam ing)]
[ 11 ] • The a c id  was re so lv e d  during  th e  course  of th e  in v e s t ig a t io n
since no d i f f i c u l t i e s  were fo re se e n  in  th e  s e r ie s  o f re a c t io n s  i t  was 
proposed to  u s e ; t h i s  ro u te  has been u sed  s a t i s f a c t o r i l y  in  co n n ec tion  w ith  
the d e te rm in a tio n  o f th e  a b so lu te  configurationyJ3-]^droxy«P «phenylbu tyric  
ac id  [156] ("see p . 65) •  The p -h yd roxy-ac id  was re so lv e d  by r e c r y s t a l l i z a t i o n  
of the b ru c in e  s a l t  from m e th y la ted  s p i r i t s ,  as d e sc rib e d  by S is id o  and 
co-workers [ 11 ] ,  ( -  ) - P- 3$rdroxy«(3-phenyl- j3 ~ (o « to ly l)«p rop ion ic  a c id
obtained had m .p. 153- 153*5° (w ith  foam ing), [a ]  - 152. 8° (c 0 .5  in  a c e to n e ); 
S isido  and co-w orkers re c o rd  m .p. 153-154°, [a ]* ^  - 168° ,  (^  4 .^ 3  in  a c e to n e ) .
The d e x tro ro ta to ry  a c id  i s o l a t e d  from th e  more so lu b le  a lk a lo id a l  s a l t  had 
m.p. 151° (w ith  fo a m in g ),[a ]  147*4 ° (a, 2 .51  in  a c e to n e ) .
(±).=>{3~Fydr0xy~£-phenyl«P- ( 0- 1o ly l )-p ro p io n ic  a c id  was co n v erted  in to  
the methyl e s t e r  by tre a tm e n t w ith  diazom ethane as d e sc rib e d  p re v io u s ly  
(Section XV ( i i )  page 46 ) .  The m ethyl e s t e r  was o b ta in ed  as  w hite  n e e d le s , 
m.p. 830 . This compound has n o t p re v io u s ly  been re p o r te d .
The m ethyl e s t e r  in  e th e r e a l  s o lu t io n  was reduced  to  th e  co rrespond ing  
l io l  w ith  l i th iu m  aluminium h y d rid e . The d io l  was o b ta in ed  i n i t i a l l y  as  an 
o i l ,  which slow ly  s o l i d i f i e d  on s tan d in g ; i t  then  had m .p. 8 2 -8 2 .5 ° , unchanged 
by r e c r y s t a l l i z a t io n  from l i g h t  pe tro leum -benzene. This compound has n o t 
been re p o rte d  in  th e  l i t e r a t u r e .  An adm ixture w ith  m ethyl
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f3 -h y d ro x y -P -p h en y l-P -(£ -to ly l)~ p ro p io n a te  had m .p. 70°. I n f r a - r e d
i
sp ec tro sco p ic  a n a ly s is  confirm ed th a t  re d u c tio n  o f th e  e s t e r  to  th e  
d io l  had tak en  p la c e .
The r e a c t io n  o f th e  d io l  w ith  to luene-jq -su lphony l c h lo f id e  in  
p y rid in e  was s tu d ie d  w ith  a view to  th e  p re p a ra t io n  o f 3-hydroxy-3-phenyl-3~  
( 0,- to ly l) -p ro p y l  to lu en e -j)-su lp h o n a te  [ c f .  124, 125]* However, no pure 
specimen cou ld  he o b ta in e d .
R eduction  o f  th e  crude to luene-jD -sulphonate w ith  li th iu m  aluminium 
hydride [o f. 1573 y ie ld e d  a  m ix tu re  o f o i l  and s o l id .  The s o l id  cou ld  n o t 
be sep a ra te d  from th e  o i l ,  n o r cou ld  th e  o i l  be induced  to  c r y s t a l l i z e .
The t e r t i a r y  a lc o h o l l - p h e n y l - l - ( o >- to ly l ) - p r o p a n - l - o l  has no t been 
re p o rte d  in  th e  l i t e r a t u r e  and a tte m p ts  to  p rep a re  an a u th e n tic  specim en o f the 
terfeiary alcohol from o-toly3magnesium bromide & propljiiophenone were u n s a tis  factory , 
I t  was n o t found p o s s ib le  to  com plete ly  s e p a ra te  th e  re q u ire d  p ro d u c t 
from propiophenone .
In  view o f th e  f a c t  th a t  c o n s id e ra b le  d i f f i c u l t i e s  had been 
encountered i n  th e  s y n th e s is  o f a  pu re  specimen o f l - p h e n y l - l - C o - to ly l ) -  
p ro p a n - l-o l from p-hydroxy-fi-phenyl-jS -C jo-to ly lJ-p rop ion ic  a c id , i t  i s  
u n lik e ly  th a t  t h i s  method would be o f use  fo r  th e  c o r r e la t io n  o f th e  
co n fig u ra tio n  o f th e  jS-hydroxy-acid w ith  th a t  o f th e  hydrocarbon 
l -p h e n y l- l - (o <- to ly l ) - p r o p a n e ,  Ho f u r th e r  work was done, e s p e c ia l ly  i n
view of th e  r e s u l t s  o b ta in ed  from a ttem p ts  to  co n v ert e th y lp h e n y lca rb in o l 
in to  1 -p h e n y l- l-  (o,-1 o ly l ) -p ro p an e .
( iv )  (kCyolohexyl- hydroxy-prop ion ic  A cid
Since th e  a b so lu te  c o n f ig u ra tio n  o f hydroxy-p«phery lprop ion ic  a c id  
is  known 1*14, 5 5 , ^ jjfch a t o f £~oyclohexyl- ^h y d ro x y -p ro p io n ic  a c id  may be 
e s ta b lis h e d  by n u c le a r  hydrogenation  o f th e  fo rm er a c id . (+)«j3«Hydroxy~f3~ 
phenylpropionic  a c id ,  v/hich i s  th e  (R)«form has th e  c o n f ig u ra tio n  d e p ic ted  
in  ( l j  R ss P h ).
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I t  i s  known th a t  a ro m atic  n u c le a r  hydrogenation  o f b en zy l- ty p e  oxygen 
compounds may be accom panied by hydrogeno lysis  [158]. However, i t  has been 
shown th a t  hydrogenation  in  th e  p resence  o f g la c i a l  a c e t ic  a c id  fav o u rs  
hydrogenation o f th e  a ro m atic  nuc leus £l60 , l 6 l  ]. N uclear hydro g en a tio n  o f 
fkhydroxy- P -phenylprop ion ic  a c id  ?jas perform ed in  g la c ia l  a c e t ic  a c id  in  th e  
presence o f p la tin u m  oxide c a t a l y s t ,  a t  a tm ospheric  p re s su re  and room temp­
e ra tu re  [ c f .  l 6 l ,  162 1  The j3~H ;^oxy«p~phenyl«propionic a c id  u sed  in  th i s
in v e s tig a tio n  had m .p. 116-117°* [a ]  +18*5° (o. 4*92 in  e th an o l)s  p u b lish e d
0 *L"7 0
figu res f o r  th e  o p t i c a l ly  pu re  a c id  in c lu d e  m .p. 115 , [ a ] +18.9 (c, 5*00 in
jl8  o
ethanol) [16 3 ] and m .p. 1 1 5 -1 1 6 ° ,[a J  +19.2 (0 5 .194 in  e th a n o l)  [164 ] ♦
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(+)~0~Cyclohexyl~P«hydro2y~propionic a o id  was o b ta in ed  from 
(+)~{3»hydroxy~0~pkenylpropionic a o id j i t  h a d m .p . 73*5-74°* [« ]+  15*9°
(o l* 5 7 ° in  e th a n o l ) .  f u r t h e r  r e c r y s t a l l i z a t i o n  from l i g h t  petro leum  
le d  to  no a p p re c ia b le  change in  o p t ic a l  d o ta t io n .
S ince th e  r e a c t io n  in v o lv es  no d isp lacem ent a t  th e  asym m etric 
carbon atom (+)~P«hydro:xy«f3-cyclohe:xylpropionic a c id  has th e  c o n f ig u ra tio n  
dep ic ted  in  ( i j  R = C^-Ii^) and i s  th e (£ ) -fo rm .
(v) ft - ly a ro x y -^  ~ p h en y lb u ty ric  Aoid
In  th e  course  of s tu d y in g  th e  hydrogeno lysis  o f P -o y o io h esy l-p -h y d ro x y -
j^phenylprop ion ic  a c id  w ith  Raney n ic k e l ,  as a  check on re a c t io n  c o n d itio n s
the hydrogeno lysis  o f m ethyl ft ~hydro:xy~P~phenyrbutyrate was c a r r ie d  o u t:
CH_.CPh(0H).CIL.C0 H - 4  OH .CPh(0H).CH .CO Me -----£ CH .CHPh.CH .00  Me
3 2 2  3 2 2  3 1 2 2
(X) (II) J ,  ( i n )
CH .CHPh.CH .CO H 
3 2 2 
(TV)
The above s e r ie s  o f r e a c t io n s  had been s tu d ie d  p re v io u s ly  by R eid and S te in  
in  1962 (p e rso n a l com m unication). They found th a t  (+)«ft~hydrory«ft~phenyl- 
b u ty ric  a c id  ( in  e th a n o l)  fu rn ish e d  th e  ( - )-m e th y l e s t e r  ( in  ben zen e), and 
hydrogenolysis o f th e  m ethyl e s t e r  and subsequent h y d ro ly s is  gave 
(-)« ft«pheny lbu ty ric  a c id  ( i n  b enzene). M itsu i e t  a l .  [ lO l]  p re se n te d  a  
summaiy o f r e s u l t s  o b ta in e d  on ly d ro g e n o ly s is  of a number o f compounds, 
which in c lu d ed  (+ )-m e th y l j3-hydroxy-ft«phenylbutyrate ( l l ) .  M oreover,
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M itsu i and co-w orkers gave a l i t e r a t u r e  re fe re n c e  f o r  th e  m ethyl e s t e r  ( i l ) ,  
which th ey  c la im  to  be b2fo pure  w ith  [ a l+ 9*43°, to  p ap ers  by R eid  and 
Turner [ l 6 ,  165 ]• in  which no m ention i s  made of th e  o p t ic a l ly  a c t iv e  e s t e r  
but in  which th e  f r e e  a c id  i s  re p o r te d  to  have [ a ] - 8 .9 ° .  M oreover, i t  
i s  hard  to  r e c o n c ile  th e  above f ig u r e s  f o r  th e  e s t e r  w ith  th e  s p e c i f ic  
ro ta t io n  ( - 7 .1 °  in  e th a n o l)  found by R eid  and S te in  6.56 L  Thus, th e  
r e p e t i t io n  o f th e  co n v ersio n  o f th e  ly d ro x y -ac id  ( i )  in to  th e  dehy d roxy la  te d  
ac id  (CT) se rv ed  n o t only  a s  a  check on re a c t io n  c o n d itio n s  f o r  th e  
hydrogeno lysis, b u t a ls o  to  c l a r i f y  some o f th e  o b s c u r i t ie s  in  th e  p ap e r by 
M itsu i due to  i n s u f f i c i e n t  ex p erim en ta l d e t a i l .
The p-hydroxy-(3-ph.enylbutyric a c id  u sed  in  t h i s  in v e s t ig a t io n  had 
m.p.. 83°,[<x]+9.4° (o, 1 .5 1  in  e th a n o l) ;  R eid  and T urner r e p o r t  m .p. 79 -8 0 °,
f\'T
[a ] -3 .9 °  (c, 1 .7544 in  e th a n o l)  [ l6 5 ] f o r  th e  o p t ic a l ly  pure  a c id .  The
ac id  was e s t e r i f i e d  w ith  diazom ethane. The m ethyl e s t e r  ( n )  was o b ta in e d
25 0as an o i l ,  n 1 .5 0 4 8 , w hich on be ing  co o led  s o l id i f i e d .  I t  had m .p. 20 ,
mD
[a ] - 5 . 7° (j* 0 .63  in  e th a n o l ) ,  [a ]  +12.3° (o, 0.49 in  ch lo ro fo rm ), [a]+27*5° 
(0 0*47 in  benzene); i t  i s  s ig n i f ic a n t  t h a t  th e  s ig n  o f M v a r i e s  w ith  th e  
so lv en t.
iy d ro g e n o ly s is  o f t h i s  m ethyl ft-hydr oxy-ft«phenylbutyrate was e f f e c te d  
by h ea tin g  an e th ian o lic  s o lu t io n  o f i t  f o r  4  hours w it  hi Raney n ic k e l .
Methyl p -p h e n y lb u ty ra te  v/as o b ta in ed  a s  an o i l  which jbad [a ]  -3 2 .9 °
(0 1.17 in  b en zen e ), and [ a ] -2 6 .6 °  ( £  1 .1 2  in  e th a n o l) .  The e s t e r  was
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bydrolysed w ith  e th a n o lio  po tassium  hydroxide to  P«phenyTbutyric a c id ; th e  
ao id  had [°0*16 ,3 °  (o. 1*07 in  ben zen e). P rev io u s ly  reco rd ed  p h y s ic a l c o n s ta n ts  
fo r  th e  o p t ic a l ly  pure  P -p h en y lb u ty rio  a c id  in c lu d e  [a ]«57° (o. 9*8 in  benzene) 
Cl66 1 an d ta ]«47*92° ( in  berizehe) [ 167]* In  t h i s  in s ta n c e  th e  p~ pheny lbu ty ric  
ac id  o b ta in ed  was n o t o p t ic a l ly  p u re . I t  i s  p ro bab le  th a t  ra c em isa tio n  
occurred d u ring  th e  hydrogeno lysis  s tep  [ o f ,  100 ]*  R eid  and S te in ,  under 
s im ila r  c o n d it io n s , b u t re f lu x in g  f o r  3 h r s ,  o b ta in ed  P«phenylbu tyrio  a c id
(IV) having [ a ]°27«9° (o. 1*82 in  benzene) from m ethyl P -hyd roxy-P -pheny lbu ty ra te  
( i l )  hav in g [ « ] “7«1° (o. 1*65 in  e th a n o l) .
I n i t i a l l y ,  th e re  appeared  to  be a d iscrep an cy  between M itsu i* s  r e s u l t s  
and o u rs , M itsu i c la im ing  th a t  ( - )-m e th y l P~pheny lbu ty rate  was o b ta in e d  from 
(+)«methyl P -h y d ro x y -P -p h en y lb u ty ra te , However, in  the  e a r l i e r  work we 
measured the  r o ta t io n  o f m ethyl P«hydrosy«P~phenylbutyrate in  e th a n o l s o lu t io n ,  
but we l a t e r  found  th a t  th e  use of benzene o r  chloroform  a s  th e  so lv en t 
caused a r e v e r s a l  in  th e  s ig n  o f r o ta t io n ;  M itsu i d id  n e t s t a t e  what so lv en t 
he had u sed .
The c o n f ig u ra tio n  o f P -p h en y lb u ty ric  a o id  (IV ) has been c o r r e la te d  
w ith th a t  o f P<->phenylethylamine [ l6 8 l ,  and th e  (+ )« isom er o f the  a c id  has 
been a ss ig n ed  th e  (a) -c o n f ig u ra t io n  by P re lo g  [169 ] , S ince hydrogenolysis 
of s u b s t i tu te d  b en zy l a lc o h o ls  w ith  Raney n ic k e l  occurs w ith  predom inant 
re te n tio n  o f c o n f ig u ra tio n  [as d isc u sse d  in  S e c tio n  TV ( i i ) ,  p« 45 ] 
(+)"(W^droaqy- (3=»phenylbutyric a c id  ( i )  has th e  c o n f ig u ra tio n  d e p ic ted  in
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(V), and i s  th e  (S)«form*
CH2 .C02H
t
Ph
V
(+)«^-I^rdroxy“ p“p h e n y lb u ty ric  a o id  has in d ep en d en tly  been shown to  
be th e  (_S)-form by r e l a t i n g  i t  o o n f ig u ra t io n a l ly  to  (<S )« (-)« 2 -p h en y lb u tan -2 « o l 
[ l0 2 , 1 5 6 ], and to  ( R ) « ( - ) « a t r o la c t ic  a c id  [102]#
-6 8 -
S E C T I O N  V
D I S C U S S I O N
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V. DISCUSSION
( i )  P a r t i a l  Asymmetric S y n th es is  d u rin g  th e  Reformat sky R eac tio n  and 
R e la te d  R eac tio n s
I t  was shown in  i 960 [ 18, 19]  th a t  asymm etric sy n th e s is  can in d eed  
occur d u rin g  th e  R eform atsky r e a c t io n ,  and th a t  ap p aren t asymm etric 
sy n th es is  was n o t a r i s in g  as  a r e s u l t  o f  e i th e r  s id e  r e a c t io n s  o c cu rrin g  
during  the a lk a l in e  h y d ro ly s is  o f the  p -h y d ro x y -e s te r , o r th e  p r e f e r e n t ia l  
decom position o f one o f  the  d ia s te re o iso m e ric  in te rm e d ia te s  ( i )  under the  
a c tio n  o f a l k a l i .
R.CO.R* + BrZn CHg. CO ^ R* ------^  RR*C*(0ZhBr).CH2 .C02R*
I
I t  was a lso  shown du rin g  th e se  s tu d ie s  th a t  asymm etric sy n th e s is  does no t 
occur as a  r e s u l t  o f  r e a c t io n  a t  the  z in c  su rfa c e , as  was co n sid e red  by 
Arcus and Smyth [170] m ight be th e  case . Asymmetric sy n th e s is  undoubtedly  
a r is e s  a s  a r e s u l t  o f th e  d if fe re n c e  in  f r e e  e n e rg ie s  o f th e  t r a n s i t i o n  
s ta te s  le a d in g  to  each o f th e  d ia s te re o iso m e rs  ( I ) -  However, to  what e x te n t 
th i s  d if f e re n c e  may be c o r r e la te d  w ith  s t e r i c  f a c to r s  rem ains to  be seen .
In  e x ten s io n  o f t h e i r  s tu d ie s  on th e  Reform atsky r e a c t io n  Palm er and 
Reid [18] have shown th a t  asym m etric sy n th e s is  occurs  on tre a tm e n t o f a 
benzene s o lu tio n  o f  (-)-m e n th y l brom oacetate  and acetophenone w ith  e th e re a l  
magnesium iodide-m agnesium , o r e th e re a l  di-n-propyl-cadm ium  o r - z in c .  I t  i s  
of i n t e r e s t  t h a t  when magnesium io d i  de-magnesium was used as "condensing 
agent", in s te a d  o f  z in c , th e re  was no marked in c re a se  in  th e  degree o f 
asymmetric s y n th e s is  [ l 8 ] .  However, the  use o f d i-n -p ro p y l-z in c  or-cadmium
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le d  to  a marked in c re a s e  (30$ and 80^ re s p e c t iv e ly )  in  th e  degree o f 
asymmetr:.<m sy n th e s is  a s  compared w ith  t h a t  o b ta in ed  when z in c  m eta l and 
ether-bQnzene were u sed . T h e re fo re , th e  n a tu re  o f th e  m eta l atom and th e  
n a tu re  o f th e  groups a tta c h e d  to  the  m etal atom can e x e r t a marked e f f e c t  
on th e  degree o f asym m etric s y n th e s is . This may be a  " s iz e  e f f e c t " ;  the  
b u lk ie r  m etal atom and b u lk ie r  o rgan ic  group b o th  le ad in g  to  a co n s id e rab le  
in c re a se  i n  th e  degree o f  asymm etric sy n th e s is .
D uring re a c t io n s  s im ila r  to  th e  Reform atsky r e a c t io n  p a r t i a l  
asymmetric s y n th e s is  can a lso  occu r. S is id o  and co-w orkers [11] have 
dem onstrated th a t  in  " a ld o l- ty p e " co n d en sa tio n s, as shown sch e m a tic a lly  
below, o f  v a r io u s  s u b s t i tu te d  benzo- and naphtho-phenones w ith  th e  a c e ta te s  
o f (-)-m en th o l and (+ )~bom eol under the a c t io n  o f diethylam inom agnesium  
brom ide, p a r t i a l  asym m etric sy n th e s is  o ccu rs .
CHyCOgR* + E t2M gBr -----)  BrMg+ ( CH^. CO^R* ) ”V  flHEtg
RV.C0.R + BiMg+ (CH2oC02R * r  — RRfC(0MgBr) .CH^CCyEt*
R* » (-)-m en th y l o r  (+ )-b o rn y l
I t  i s  notew orthy th a t  th e se  au th o rs  s ta t e  th a t  " th i s  r e a c t io n  proceeds 
ap p aren tly  th rough  th e  e n o la te  anion o f the a c e ta te  which adds to  the  carbonyl 
group o f th e  k e to n e ; hence i t  seems th a t  t h i s  r e a c t io n  ta k e s  e s s e n t i a l ly  the 
same course a s  th e  R eform atsky re a c tio n "*  However, no evidence was o f fe re d  
fo r  th i s  s ta te m e n t. I t  was assumed th a t  the  r e a c t io n  was i r r e v e r s ib le  and 
S isido and co—w orkers suggested  th a t  asymm etric s y n th e s is  may a r i s e  because 
of a d if fe re n c e  in  th e  thermodynamic s t a b i l i t i e s  o f th e  two t r a n s i t io n
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s ta te  s 9 f o r  which, they  propose quasi-six-m em bered r in g s  as shown in  I I  and 
I l l s
They c o n sid e r th a t  the  s t e r i c  in te r a c t io n  o f th e  groups R and R* w ith  the 
o p t ic a l ly  a c t iv e  group o f th e  e s t e r  R* would g ive  r i s e  to  th e  d if fe re n c e  in  
thermodynamic s t a b i l i t i e s  o f I I  and I I I .  F a c to rs  s im ila r  to  th e se  were a lso  
considered  to  be o f im portance i n  the  Reform atsky re a c t io n  [19]» I t  was 
no t p o ss ib le  f o r  S is id o  and co-w orkers to  f u r th e r  d is c u s s  th e se  s te re o ­
chemical im p lic a t io n s  s in ce  the  a b so lu te  c o n f ig u ra tio n s  o f the p ro d u c ts  were 
not known. The mechanism proposed by them i s  s im ila r  to  t h a t  suggested  by 
Hauser and W alker [171 ]  f o r  th e  s e lf -c o n d e n sa tio n  o f  e s t e r s  under th e  a c tio n  
of diethylam inom agnesium  brom ide. I n  " a ld o l- ty p e M condensations w ith  
^ - s u b s t i tu te d  benzophenones* S is id o  and co-w orkers found th a t  the  
P-hydroxy-acid u l t im a te ly  o b ta in ed  when (-)-m en th y l a c e ta te  was used  had th e
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o p p o site  c o n f ig u ra tio n  to  t h a t  obtained, when (+ )-b o rn y l a c e ta te  was used . 
However* w ith  jd- s u b s t i tu te d  benzophenones and w ith  naphthophenones th e  
p -hyd roxy-ac id s o b ta in e d  had the  same sign  o f r o ta t io n .
In  th e  p re se n t in v e s t ig a t io n  i t  was found th a t  th e  r e a c t io n  of 
jo-methylbenzophenone w ith  (-)-m en th y l and w ith  ( - ) -b o rn y l  brom oacetate  under 
m odified  R eform atsky c o n d itio n s  u l t im a te ly  gave p -hydroxy-ac ids o f th e  
same s ig n  o f  r o ta t io n .  Thus* ta k in g  in to  account th e  f a c t  th a t  we used th e  
( - ) -b o rn y l e s t e r  w hereas S is id o  had used  the  (+ )-b o rn y l e s te r*  s im ila r  
r e s u l t s  were o b ta in e d  from th e  two ty p es  o f r e a c t io n s .  The degree o f 
asymmetric s y n th e s is  in  th e  R eform atsky r e a c t io n  w ith  (-)-m en th y l brom oacetate  
was le s s  th a n  th a t  o b ta in e d  by S isido* being  about 40$ when th e  re a c tio n  was 
c a r r ie d  o u t under " C la s s ic a l  Reform atsky C onditions"* and about 60$ when 
c a r r ie d  out in  b e n ze n e -e th e r s o lu tio n  e i th e r  in  th e  p resence  o r absence o f 
zinc brom ide. W ith ( - ) -b o rn y l  brom oacetate* which re a c te d  w ith  
o-methylbenzophenone on ly  in  b en zen e -e th e r s o lu tio n  in  th e  p resence  o f z inc  
bromide* th e  degree o f  asym m etric sy n th e s is  was about 80$ p f th a t  o b ta in ed  
by S is id o .
The (-)-m en th y l and ( - ) -b o rn y l  group had a s im ila r  e f f e c t  on th e  
d ire c tio n  o f asym m etric sy n th e s is  w ith  on ly  one o f th e  o th e r  carbonyl compounds 
used in  th e  p re se n t s tu d ie s*  namely* cyclohexyl phenyl k e to n e . I n  a l l  o f the  
o ther c a se s (se e  Table i )  r e a c t io n  w ith  (-)-m en th y l brom oacetate  gave 
u ltim a te ly  j3-hydroxy—a c id s  o f o p p o site  sign  o f r o ta t io n  to  t h a t  o b ta in ed  w ith  
(-)-b o rn y l b ro m o aceta te . S im ila r  r e s u l t s  were observed  by Palmer and R eid 
fo r acetophenone and benzaldehyde [l8* 19]*
Table I
Carbonyl
Compound
Ph.CO .Me
Ph.CHO
C ^ .C H O
o-MeOC^H-.CHO-  6 4
Ph.CO.CHgoPh
o-MeC^H.. CO* Me
6 4
Ph.CO. cA i
o-MeC^H..CO.Ph -  6 4
Sign o f R o ta tio n  o f p-Hydroxy~acid from
(-)-m en th y l brom oacetate  ( - ) -b o rn y l  b rom oacetate
I t  was th ough t p o s s ib le  th a t  some l ig h t  m ight be shed on the  
d ir e c t iv e  in f lu e n c e  o f th e  m enthyl and b o rny l groups 011 th e  asym m etric 
sy n th e s is  in  th e  R eform atsky re a c t io n  by a c o n s id e ra tio n  o f th e  r e l a t iv e  
e f f e c t s  o f th e se  two groups w ith  d i f f e r e n t  carbonyl compounds. However, as 
d iscu ssed  in  d e t a i l  in  S ec tio n  I I I ,  no g en era l t r e n d  was a p p a ren t. For 
example, th e  in tr o d u c tio n  o f an o-methoxy group in to  benzaldehyde caused an 
in c re a se  in  th e  degree o f asymm etric sy n th e s is  o c cu rrin g  w ith  the  menthyl 
e s te r  r e l a t i v e  to  th a t  o c cu rrin g  w ith  th e  b o rny l e s t e r ,  b u t in tro d u c tio n  
of an jo-methyl group in to  acetophenone caused a d ec rea se . I n  th e se  cases  
the a c tu a l  degree o f asym m etric s y n th e s is  cannot be c a lc u la te d  s in ce  n e i th e r
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p-hy dr o x y -p - (o ~ to ly l) -b u ty r ic  a c id  nor p-hydroxy-p- (  o_~methoxyphenyl) -  
p rop ion ic  a c id  have been reso lved*  However,, w ith  o^methoxybenzaldehyde the  
e le c tro n ic  e f f e c t  o f  th e  methoxy group m ight be masking any s t e r i c  e ffe c t*
In  on ly  fo u r  o f th e  examples s tu d ie d  can th e  a c tu a l  degree o f 
asymmetric s y n th e s is  be c a lcu la ted ., the s p e c i f ic  r o ta t io n  o f th e  o p t ic a l ly  
pure p -hyd roxy-ac id  b e in g  knowns
Table I I
Degree o f  Asymmetric S y n th esis  ($>)
n , n , w ith  m enthyl w ith  bornyl w ith  a--fenchyl
ar ony compoun brom oacetate  brom oacetate  brom oacetate
Ph. CO.Me 30 15 8
Ph.CHO 15 15 15
C^H^i.CHO^yclohexyl) 8 8 -
Ph.C O .o-to l. 28 3
The number o f examples i s  so few th a t  co n clu sio n s  m ight be m isleading^ fo r  
example, n o t a l l  a ldehydes g ive  the  same degree o f  asymm etric sy n th e s is  w ith  
menthyl brom oacetate  as w ith  borny l brom oacetate^ the degree of asymmetric-sydrte^is 
occurring  w ith  £-m ethoxybenzaldehyde and m enthyl brom oacetate b e in g  about 
fo u r -fo ld  th a t  o b ta in ed  w ith  the  borny l e s t e r .  However, Palmer and Reid 
[19] found t h a t  in te r a c t io n  o f  the  m enthyl, b o rny l and a -fe n ch y l e s te r s  w ith  
benzaldehyde, in  each in s ta n c e , le d  to  a p roduct o f about 15$  o p t ic a l  p u rity ^  
but the r e a c t io n  o f th e se  th re e  e s te r s  w ith  acetophenone [183 le d  to  marked 
d iffe ren c es  in  th e  degree o f asymm etric sy n th e s is  [30, 15 and 8$ resp ec tiv e ly )
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of the resu lting  p-hydroxy-acid. Therefore, the influence of the
dissym m etric group on th e  e x te n t o f asymm etric sy n th e s is  i n  th e  R eform atsky
re a c t io n  i s  complex.
i l s o ,  in  on ly  a few cases  can the  a b so lu te , as opposed to  th e  r e l a t i v e ,
d i r e c t iv e  e f f e c t  o f th e  dissym m etric  group be d iscu ssed  s in ce  the  ab so lu te
c o n f ig u ra tio n  o f  few o f  th e  p-hydroxy-*acids i s  knovra. I t  had been shown
e a r l i e r  t h a t  th e  R eform atsky r e a c t io n  o f  (-)-m en th y l b rom oacetate  w ith
benzaldehyde gave (-)-p -h y d ro x y -p -p h en y lp ro p io n ic  a c id , which i s  the
(S)-form  ( lV a ) [ l9 ] j  and w ith  c e r ta in  a l ip h a t ic  aldehydes gave ( R ) - ( - ) -
ro ta to ry  p -h y d ro x y -ac id s , which have th e  c o n fig u ra tio n  shown in  (iVb) [19]*
R R*
CEL. C0oH a H Ph, d. tL
J b H n -a lk y l
E C ^ O ^ O E  IV o ^  ph
E'  d H C6^L1
I t  has now been shown th a t  th e  (-)-m en th y l group d i r e c t s  th e  r e a c t io n  w ith  
acetophenone and w ith  cyclohexanecarboxaldehyde such th a t  a preponderance o f 
those isom ers which have ^he c o n f ig u ra tio n s  shown in  (iV c) and (iVd) 
re s p e c tiv e ly  be form ed, (+) -p -h y d ro x y -p -p h en y lb u ty ric  a c id  and ( - ) - p -  
cyclohexy l-p -bydroxyprop ion ic  a c id  each having  the  ( ^ - c o n f ig u r a t io n .  Thus, 
in  a l l  o f th e  c a se s  where th e  a b so lu te  c o n f ig u ra tio n  o f the  p -hyd roxy-ac id  
i s  known, th e  (-)-m e n th y l group causes a preponderance o f th a t  isom er of th e  
p-hydroxy-acid  which has th e  c o n f ig u ra tio n  d e p ic ted  in  (IV) where R i s
sm alle r th an  R*. I n  the  above examples rep lacem ent o f th e  (-)-m en th y l by 
the ( - ) -b o rn y l  group le d  to  a preponderance o f th e  p -hy d ro x y -ac id  w ith  
op p o site  c o n f ig u ra t io n .  W ith re fe re n c e  to  those  r e a c t io n s  in  which the 
(-)-m en th y l and th e  ( - ) -b o rn y l  group d i r e c t  a d d itio n  in  the  same sense 
( c f .  Table l ) ? i t  i s  s t i l l  n o t p o s s ib le  to  say which o f th e  groups e x e r ts  
an "anomalous" e f f e c t ,  o r indeed  i f  i t  i s  the same group in  each case . 
C la r i f ic a t io n  o f t h i s  p o in t r e s t s  on the  d e te rm in a tio n  o f  the  a b so lu te  
c o n f ig u ra tio n  o f p-hydroxy-p-phenyl—p - ^ - to ly l J - p r o p io n ic  a c id  and o f 
p -cy c lo h ex y l-p -h y d ro x y -p -p h en y lp rb p io n io  acid* However, a c o n s id e ra tio n  of 
the  r e la t io n s h ip  betw een th e  c o n f ig u ra tio n  o f th e  o r ig in a l  dissym m etric 
group and th a t  o f th e  p re fe r re d  j3-hydroxy-acid formed in  th o se  re a c t io n s  
in  which th e  a b so lu te  c o n f ig u ra tio n  o f th e  p ro d u c ts  i s  known m ight shed some 
l ig h t  on i t .
A lthough in  th e  R eform atsky re a c t io n  i t  may be p o s s ib le  th a t  th e  
stereochem ica l course  o f a d d itio n  to  th e  carbonyl group can be c o r r e la te d  
w ith  th e  s te re o c h e m is try  o f th e  d issym m etric g roup? t h i s  cannot be a 
simple r e la t io n s h ip  as  i s  encoun tered  in  th e  McKenzie type asymm etric 
sy n th e s is . In  th e  l a t t e r  r e a c tio n  a G rignard re a g en t adds to  an o p t ic a l ly
ac tiv e  e s t e r  o f  an a -k e to -a c id ? fo r  examples
(i)MeMgl
Ph.CO.CO C*SML  ^ Ph MeC^0H).C02H
( i i )  H ydro lysis
Under th e  in f lu e n c e  o f  e i th e r  th e  (-)-m en th y l o r th e  ( - ) -b o rn y l  group th e  
same enantiom orph o f th e  a -h y d ro x y -ac id  was o b ta in ed  in  excess [ c f .  15 ? 72 ]§ 
s im ila r  r e s u l t s  were o b ta in ed  w ith  a number o f d i f f e r e n t  a -k e to -a c id s . 
Moreover* by comparing th e  e f f e c t  o f  o th e r  o p t ic a l ly  a c t iv e  groups P re lo g  
[153 came to  th e  co n c lu s io n  th a t  th e  p re fe r re d  course o f a d d it io n  was
■ftr e la te d  to  th e  c o n f ig u ra tio n  o f th e  o p t ic a l ly  a c tiv e  a lcohol*  SMLC OH* in  
term s o f the  r e l a t i v e  s iz e s  of th e  groups S* M* and L where S<M<L. Indeed , 
in  t h i s  re sp ec t*  th e  c o n f ig u ra tio n  o f th e  asymm etric carbon atom (C*) in  b o th  
(-)-m en th o l (V) and (~ )~borneo l (V i) i s  s im ila r  (V II) [172]* th e  degree o f  
s u b s t i tu t io n  o f  th e  ring-m em bers a d ja c e n t to  th e  asymmetric c e n tre  (C*) 
being  co n sid e red  in  o rd e r to  decide  which i s  th e  l a r g e r  s u b s t i tu e n t .
Me
OH
m e  2
(-)-m en th o l V (- ) -b o rn e o l VI
-7 8 -
L
tit
s C ^ > c < z 7 o n  ■ l  > M/ s
i
V II
Although, in  th e  R eform atsky r e a c t io n  no such sim ple r e la t io n s h ip  between th e
p re fe r re d  ste reo ch em ica l course o f a d d itio n  to  th e  carbonyl group and the
c o n fig u ra tio n  o f  th e  dissym m etric  re a g en t can e x i s t 9 i t  may be th a t  one o f 
the two a lc o h o ls  (^(-)-m enthol o r ( - ) -b o rn e o l)  always d i r e c t s  a d d itio n  to  th e  
carbonyl group in  th e  same sen se . In  support o f th is ?  i t  i s  i n t e r e s t in g  to
study the  v/ork o f  Palm er and R eid [ l 8 ? 19]? in  which o p t ic a l ly  a c t iv e  e s te r s
o th e r th an  th o se  o f (-)-m en th o l and ( - ) -b o rn e o l were used  in  the  R eform atsky
re a c tio n . R e s u lts  which th ey  o b ta in ed  a re  summarised in  Table I I I .
Table I I I
BrCH^.CO^R* Sign o f R o ta tio n  o f g-H ydroxy-acid from
R* Acetophenone Benzaldehyde
(-)-m en thy l + -
( - ) -b o rn y l +
( - ) -a - fe n c h y l -  +
(+)-1 -m eth y lh ep ty l In a c tiv e  -
(+ )-s -b u ty l +
I t  was found t h a t  r e a c tio n  w ith  (+ ) -s -b u ty l  and (+ )-l-m e th y lh e p ty l 
brom oacetate caused s l ig h t  o r no asymmetric s y n th e s is .  However9 in  each c a se ? 
when th e  p roduct was o p t ic a l ly  a c t iv e  i t  had o p p o site  s ig n  o f r o ta t io n  to  
th a t  o b ta in ed  from th e  use o f  th e  ( - ) -b o rn y l  e s t e r  and th e  same as th a t  from 
the (-)-m en th y l e s t e r .  The c o n fig u ra tio n  o f b o th  o f th e se  two (+ )-a lk a n o ls  
i s  s im ila r  (V III)  [8 0 ( b ) ( c ) ]  by comparison o f th e  r e l a t i v e  s iz e s  o f the  
groups a tta c h e d  to  th e  asym m etric carbon atom (C ) (IX) and i s  o p p o site  to  th a t
H
CH.
OH
M
OH
L » S
(+ )-a lk a n o l V III IX
of (•*)-m enthol and ( - ) -b o rn e o l  ( c f .  V II) .  Thus* th e  (+ ) -s -b u ty l  and 
(+)->!-m e th y lh ep ty l g roups d i r e c t  a d d itio n  to  th e  carbonyl compound in  the  
same sense as does th e  ( - ) -b o rn y l  group and n o t as does the  ( - ) -m enthyl 
group. W ith b o th  benzaldehyde and acetophenone th e  use o f th e  
( - ) -a - fe n c h y l e s t e r  le d  to  an a c id  o f  th e  same s ig n  o f  r o ta t io n  as  th a t  
obtained  when 'bo rny l b rom oacetate  was used . The a b so lu te  c o n f ig u ra tio n
of ( - ) - a - fe n c b o l  [172] i s  a s  shown i n  (X). I t  i s  d i f f i c u l t  to
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d e p ic t t h i s  form ula  (X) i n  term s o f th e  r e l a t i v e  s iz e s  o f th e  groups 
a tta c h e d  to  the  a -carbon  atom ( i . e .  as SMLC*0H) s in ce  th e  degree of 
s u b s t i tu t io n  a t  and a t  Cp * would appear to  he very  s im i la r . I t  m ight 
he co n sid ered  th a t  th e  s t e r i c  h u lk  o f th e  groups a t  Cp was g re a te r  than  
those a tta c h e d  to  Cpf 9 th e  ( - ) - a —fenchy l group would th en  have a s im ila r  
c o n fig u ra tio n  to  t h a t  o f  th e  ( - ) -h o rn y l  group ( c f .  V II ) .  Indeed , w ith  
acetophenone and w ith  henzaldehyde [18*19]  th e  ( - ) - a - fe n c h y l  group d ire c te d  
a d d itio n  to  th e  carhonyl group in  th e  same sense as  does the ( - ) -h o rn y l  
group.
A com parison, in  g e n e ra l te rm s, o f th e  s t e r i c  f a c to r s  governing 
the p re fe r re d  course  o f a d d itio n  in  the  Mckenzie type asymm etric sy n th e s is  
w ith those w hich might he o f im portance in  th e  Reform atsky r e a c t io n  i s  of 
in te r e s t  in  c o n s id e rin g  why th e  Reform atsky re a c t io n  i s  more complex. In
the Mckenzie type  asymm etric sy n th e s is  th e  s t e r i c  course o f a d d itio n  to  the  
carbonyl group i s  de term ined  by th e  r e l a t i v e  a v a i l a b i l i t y  o f  the  two s id e s  
o f th e  carbonyl group, which a re  sh ie ld e d  to  a d i f f e r e n t  e x te n t by the  
o p t ic a l ly  a c t iv e  group, to  a t ta c k  by the  "sym m etrical" G rignard  re a g en t
Reformatsky re a c t io n  th e  " o p t ic a l ly  a c tiv e "  group i s  in  the  o rg an o m eta llic  
reac tan t^  th u s ,  s t e r i c  in te r a c t io n  o f two groups (th o se  a tta c h e d  to  th e  
CUO group o f th e  carbonyl compound) w ith  th e  o p t ic a l ly  a c tiv e  group would 
be of im portance in  d e te rm in in g  the  s t e r i c  course o f a d d it io n , a s  i s  
d iscussed  l a t e r  in  t h i s  s e c tio n  in  co n ju n ctio n  w ith  the  mechanism of the  
Reformatsky r e a c t io n .
(see XI below ), as d isc u sse d  in  S ec tio n  I .  Thus, in  th e  G rignard  r e a c t io n  
the in te r a c t io n  o f one group ( th e  "sym m etrical" G rignard re a g e n t)  w ith  th e  
o p t ic a l ly  a c t iv e  group o f th e  k e to - e s te r  i s  o f im portance. In  the
0
XI
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( i i )  S te reo ch em istry  o f th e  Reformatsky R eac tion  in  R e la tio n  to  
th e  Mechanism • ■
R eform atsky [2] su g gested  th a t  th e  r e a c t io n ,  l a t e r  named a f t e r  him, 
appeared  to  in v o lv e  th e  fo llo w in g  s te p s :
1 . Form ation o f an o rgan ic  h a lid e :
T I
Br « C -  CO R + Zn —A BrZn -  C -  CO R
* 2  i 2
X II
“P rim ary” In te rm ed ia te
2« A d d itio n  to  th e  carbonyl group ;
, BrZnO
V  ^ v 1 ' ’,;C=0 + BrZn -C~C0 R -------> —C —  C — CO R
I 2 1 1 . 2
X III
“Secondary” In te rm e d ia te
decom position by d i lu te  a c id
> /
OH
i i
Q «*"» C «>* CO R
1 t 2
Experim ental ev idence  f o r  th e  tw o°stage mechanism o u tl in e d  above was 
ob ta ined  by Dain [7] who, in  c e r ta in  c a se s , i s o la te d  in te rm e d ia te s  which 
corresponded to  m o lecu lar form ulas as re p re se n te d  by (X Il) and ( X I I l ) .
The e x is te n c e  o f a “secondary” in te rm e d ia te  (X II l)  was confirm ed by
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Dippy and P a rk in s  [ 8 ] |  b u t th ey  showed th a t  th e  in te rm e d ia te  which Dain
claim ed to  have a s t ru c tu re  BrZn -  G -  CO R was in  f a c t  an a d d it io n
« 2
complex, w hich re a c te d  as i f  i t  has th e  s t r u c tu r e  (XIV):
OR
I I
—. c ------- * C — * C  — CO R XIV
I | I 2
ZnBr OZnBr
However, S ie g e l and K eckeis [9] d id  succeed in  d em onstra ting  th e  fo rm atio n  
of a "p rim ary " in te rm e d ia te  by c a r ry in g  ou t th e  R eform atsky re a c t io n  in  
two s ta g e s . Thus, an e th e r e a l  s o lu t io n  of e th y l bp m o ace ta te  was a llow ed  
to  r e a c t  w ith  a c t iv a te d  z in c , and th e  r e s u l t in g  s o lu tio n  was then  t r e a te d  
w ith  v a r io u s  carbony l compounds; subsequent decom position o f th e  " secondary” 
in te rm e d ia te  was found to  f u r n is h  th e  ex pec ted  p«hydroxy~ esters. "Two«stage" 
Reform atsky re a c t io n s  have a ls o  been accom plished w ith  («)«m ent3yl 
b rom oacetate  [1 8 , 19 ]• The l a t t e r  experim ents were c a r r ie d  out w h ils t  
in v e s t ig a t in g  p a r t i a l  asym m etric s y n th e s is  du ring  th e  R eform atsky r e a c t io n ,  
and th e  degree o f asym m etric s y n th e s is  o ccu rrin g  under " tw o -s tag e” 
c o n d itio n s  was o f th e  same o rd e r a s  th a t  o ccu rrin g  when th e  re a c t io n  was 
c a r r ie d  ou t in  a  s im i la r  medium b u t w ith o u t p r io r  fo rm atio n  o f th e  "prim ary" 
in te rm e d ia te . Thus, i t  would seem th a t  th e  course of th e  Reform atsky 
re a c tio n  i s  th e  same w hether th e  m ix tu re  o f carbonyl compound and b ro o o -e s te r  
be t r e a te d  w ith  z inc  o r  w hether th e  b ro m o -es te r and z inc  a re  allow ed  to  
in te r a c t  p r io r  to  th e  a d d i t io n  o f th e  carbony l compound.
A lthough i t  has been shown th a t  a "prim ary" in te rm e d ia te  i s  formed* 
l i t t l e  i s  known o f i t s  p re c is e  s t r u c tu r e .  The "prim ary" in te rm e d ia te  i s  
commonly a ccep ted  to  have th e  s t r u c tu r e  XV [ c f ,  173] a lth o u g h  some w orkers 
[ o f .  17*.-, 175] have fav o u red  an e n o la te  s t ru c tu re  (X V l), a s  has been 
suggested  f o r  some analogous magnesium compounds [ l 7l ] .
OR
/
BrZnCH .CO R CH =  C
2 2 2 \
OZnBr
XV XVI
Indeed , some au th o rs  have suggested  th a t  th e  in te rm e d ia te  i s  io n is e d  in  
so lu tio n  [176, 1773 178, 179l. The two forms XV and XVI would be ta u to m e ric , 
as has been su g g ested  f o r  th e  analogous k e to  and eno l form s of th e  halo« 
magnesium d e r iv a t iv e s  o f a -h a lo  ketones [ 180] ,  and in te rc o n v e rs io n  
could  occur th ro u g h  an io n ic  in te rm e d ia te . R ecen tly , Vaughan, B e rn s te in  
and L orber [181] have c a r r ie d  out in f r a » re d  a n a ly s is  o f th e  s o lu tio n  
co n ta in in g  th e  "p rim ary" in te rm e d ia te  -  term ed by them th e  "Reform atsky 
reag en t"  •» p re p a red  from e th y l  a~ b rom oisobu ty ra te . Only a v e ry  weak 
band a t t r i b u t a b l e  to  th e  e s t e r  carbonyl group was p re s e n t5 t h i s  th ey  
considered  co u ld  be accoun ted  f o r  by th e  p resence  of a  sm all amount of 
u n reac ted  brom o~ ester. Thus, th ey  p o s tu la te d  th a t  th e  p rim ary  in te rm e d ia te  
had an e n o la te  s t r u c tu r e ,  as d e p ic ted  in  (XVl). However, th e re  i s  no 
evidence th a t  t h i s  s t r u c tu r e  i s  indeed  th a t  o f th e  r e a c t iv e  s p e c ie s ,  and
th a t  th e re  i s  n o t an e q u ilib r iu m  between th e  two form s XV and XVI.
In  view o f th e  l im i te d  knowledge o f th e  s t ru c tu re  o f th e  r e a c t iv e
sp e c ie s , l i t t l e  i s  known o f th e  d e ta i le d  mechanism of a d d it io n  o f th e
"prim ary” in te rm e d ia te  to  th e  carbonyl group , p o s tu la te s  which have been
evolved b e in g  p u re ly  c o n je c tu r a l .  The two mechanisms which have been
proposed f o r  th e  R eform atsky re a c t io n  may be d e p ic ted  as  in  $CVIl) [ c f .  182 ]
o r (X V III) [ c f .  183] depending upon w hether th e  R efoim atsky re a g en t i s
co n sid e red  to  have a k e to  s t r u c tu r e  (BrZnCH.CO R) o r an e n o la te  s t ru c tu re  
/OR 2 2
(CH =  C ) .
2 OZnBr '
>» t
XVTI XVIH
An analogous mechanism to  XVH was proposed by Swain and Kent [184] f o r  th e  
a d d itio n  o f o rgan o « lith iu m  compounds to  th e  carbony l group. The mechanism 
d ep ic ted  in  (X V IIl) was based  on an analogy w ith  th a t  proposed f o r  th e  
Ivanov re a c t io n  [ c f .  183 ] |  t h i s  i s  of p a r t i c u l a r  i n t e r e s t  s in ce  i t  was 
through a s tudy  o f th e  s t e r i c  course  of a d d it io n  o f benzaldehyde to  th e  
Ivanov re a g e n t (XIX) p rep a red  from p h e n y lac e tic  a c id  th a t  th e  h y p o th esis  
was fo rm u la ted .
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OMgBr
PhCH .CO H + 2Pr1HgBr 
2 2
* PhCSE^C,\
XIX
PhCH(OH).CHPh.CO H f - — Ph*CH(OMgBr).C*gPh.CO MgBr
2 2
The excess o f th re o °  over e ry th ro -  p«hydroxy~acid (XX) which was fo re a d  
was accounted  f o r  "by th e  f a c t  t h a t  in  th e  t r a n s i t i o n  s t a t e s  le a d in g  to  
th e  e ry th ro -  isom er (XXI, e ry th ro )  s e r io u s  pheny l-pheny l in te r a c t io n  
would develop , w hich would n o t be th e  case in  t r a n s i t i o n  s t a t e s  le a d in g  
to  th e  th r e o -  iso m er.
Ph Ph
V \
XXI, e ry th ro . XXI, th re o .
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However, in  the Reformatsky reaction  w ith esters  of various substitu ted
b ro n o a c e tic  a c id s  (RCHBr.CO Rf )> C an c e ille  and co«workers [  185 ]  found
2
th a t  a lth o u g h  a preponderance o f th e  th reo -* over th e  e ry th ro ^  isom er was 
o b ta in ed  on r e a c t io n  o f benzaldehyde w ith  e i t h e r  m ethyl a~bromo~(3~me t  hyl= 
b u ty ra te  (R = p r^ )  o r  e th y l  a«=bromophenylacetate (R = P h ) , an excess  o f 
the  e ry th ro -* isom er was o b ta in ed  w ith  m ethyl a«brom opropionate (R = Me) 
o r a -b ro raobu ty ra te  (R = E t ) .  In  s im ila r  re a c t io n s  [ l8 6 '], in v o lv in g  th e  
a d d it io n  o f a R eform atsky re a g en t to  a S c h if f s  b a se , a  mechanism s im ila r  
to  t h a t  d isc u sse d  above ( c f ,  XVTIl) would be com patib le  w ith  th e  r e s u l t s  
when
Br
CH = N -  <J>'^
T5 H\fc ^ .—CO^ R* + *  ?N *N c —  
...........1 C02h «
c —
l / ' \
(j) H
— N ~~ZnBrxl
1
/ ? —  
^  t - H—ZnBr0
H
R - -
H
H
R
H
XXII, c i s XXII, t r a n s
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R of th e  b rom o«ester (RCHBr.CO R*) was e i t h e r  Bu o r  Ph and th e  tra n s«  
isom er (XXIl) was o b ta in ed  in  ex cess; however, when R was Me, E t ,  o r  Pr^ 
the  o i s -  isom er (XXIl) predom inated . The r a t i o  o f th e  t r a n s  -  isom er 
to  th e  o is~  isom er d ecreased  in  th e  o rd e r  o f R as P h ^ B u ^ )p r^ E t  ^Me. Thus, 
t h i s  type o f mechanism does n o t account f o r  th e  s t e r i c  course  of such 
re a c t io n s .
The r e s u l t s  which we o b ta in ed  from experim ents w ith  o-m ethyl~ , 
benzophenone and (« )« b o m y l brom oacetate  ( v iz .  th a t  r e a c t io n  occu rred  
only in  th e  p re sen ce  of z inc  brom ide) a re  d i f f i c u l t  to  e x p la in  on e i t h e r  
of th e  mechanisms so f a r  c o n s id e re d  (see  XVTI) and (XVTIl) on p . 85,
I t  m igh t, th e r e f o r e ,  be th a t  th e  R eform atsky re a c t io n  p roceeds th ro u g h  a 
mechanism s im i la r  to  th a t  p roposed  f o r  th e  G rignard  re a c t io n  (X X IIl) [ c f .  67] 
the  mechanism f o r  th e  R eform atsky re a c t io n  would th en  be a s  in d ic a te d  
in  (XXIV).
CO R*
i 2
Rf R RM Rf R CH
\  /  \  /  \ v
C MgBr C \ ___- \
I K  LU Zn  Br
° i  y '  !h K
Mg• Zn
I | X s  B r, o r « CH CO R*
Br Br 2 2
XXIII XXIV
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C o -o rd in a tio n  onto  z inc  bromide would tie more l i k e l y  to  occur th a n  onto  th e  
Reform atsky re a g e n t i t s e l f  s in ce  zino bromide would be a s tro n g e r  Lewis 
a c id  th a n  would be th e  ’’p rim ary  in te rm e d ia te ” (R eform atsky re a g e n t)  and 
th e re  would be l e s s  s t e r io  in te r f e re n c e  w ith  t h i s  sm a lle r  m olecu le . I t  
would seem th a t  th e  zino bromide i s  un im portan t in  in f lu e n c in g  th e  degree 
of asym m etric s y n th e s is ,  s in ce  in  th e  re a c t io n  betw een o~me t  hylbe nz op he none 
and (~)«m enthyl b ro m o aceta ta , ^he a d d it io n  o f z inc  bromide had no e f f e c t .
In  th e  above d is c u s s io n , p a r t ic ip a t io n  o f th e  so lv e n t in  th e  r e a c t io n  has 
n o t been c o n s id e re d , b u t i t  i s  p ro b ab le  th a t  th e re  i s  m e ta l-so lv e n t ( e .g .  
z in c -e th e r )  c o -o rd in a tio n  [ c f .  4 ,  187] in  a l l  o f th e  re a c tio n s  d isc u sse d .
I f  we assume th a t  th e  r e a c t io n  p roceeds th ro u g h  the  keto~form  
(BrZnCH .CO R*) and th e  mechanism i s  a s  d e p ic ted  in  XXTV, th e  t r a n s i t i o n
s ta t e  f o r  th e  r e a c t io n  would be a s  shown in  XXV, in  w hich X re p re s e n ts  
e i th e r  -Br o r  -CH .CO R. The s t e r i c  r e la t io n s h ip  betw een th e  carbony l
2 2
2 2
Br
X n'CH -  CO R* | 2 2
XXV
compound and th e  one m olecule o f Reform at sky reag en t shown would th en  be
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im portan t in  d e term in ing  th e  s te reo ch em ica l course o f th e  r e a c t io n ,  as 
in d ic a te d  in  XXVI. The p lan e  of the  C=0 group of th e  carbony l compound 
w il l  be ap p rox im ate ly  a t  r i g h t  an g les  to  th e  C » Zn bond o f th e  Reform at sky 
re a g e n t, and ap p ro x im ate ly  p a r a l l e l  to  th e  p lane  o f th e  oxycarbonyl group*
ZnBr
O TT
The two groups (R and RT) a t ta c h e d  to  th e  carbony l group o f th e  carbonyl 
compound would th en  be o r ie n ta te d  under th e  two oxygen atoms of th e  e s t e r  
group*
I f  th e  d issym m etric  group R* i s  d e p ic te d  a s  «C*SML th e  th re e  groups
S, M and L a re  assumed to  l i e  such th a t  th e  sm a lle s t (S) and medium ( l )
groups f la n k  th e  C=0 group o f th e  e s t e r  [ c f .  15] • Two arrangem ents would
be p o s s ib le  f o r  th e  e s t e r  group («C0 G*SML) in  r e l a t i o n  to  th e  C-Zn bond,
2
as re p re se n te d  in  XXVTI and XXVTEI:
XXVII
XXVIII
Of th e  two conform ations d e p ic te d  i t  m ight be expected  th a t  r e a c t io n  would 
take p la c e  more r e a d i ly  w ith  XXVH th an  w ith  XXVIII, s in ce  th e re  would be 
le s s  s t e r i c  in t e r a c t io n  between th e  groups R and Rf o f th e  carbony l compound 
(R.C0*Rf ) and th e  d issym m etric  group.
When R and Rf a re  b o th  sm all ( e .g ,  H o r Me) from an in s p e c tio n  o f 
models i t  i s  seen  th a t  th e re  w i l l  be r e l a t i v e l y  l i t t l e  s t e r i c  in te r fe re n c e  
on r e a c t io n  w ith  e i t h e r  conform ation  (XXVTI o r XXVIIl), Thus, in  th e  
re a c tio n s  w ith  n « a lk an a ls  l i t t l e  o r  no asym m etric sy n th e s is  would be 
expected , as  i s  in d eed  found to  be th e  case  (see  p . 10). In  r e a c tio n s
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w ith a carbonyl compound in  which one o f the groups (R) i s  small and the 
other (Rf ) r e la t iv e ly  la r g e , such as id  acetophenone or benzaldehyde 
R s  Me or H; Rf = Ph ), the preferred  stereochem ical course of ad d ition  would 
be determined by th a t rea ctio n  which proceeds w ith  the la rg er  group (Rf ) 
under the alhoxy group, (see  XXVXIa and XXVUIa), s in ce  i f  rea ctio n  takes  
place w ith  the sm aller o f the two groups (R) under the alKoxy group, there  
w il l  be l i t t l e  s t e r ic  in te r a c tio n  between R and the dissymmetric group.
ZnBr
M
x r n i a
ZnBr
XXVIIla
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Reaction would be expected to  take p lace more r e a d ily  as in d ica ted  in  XXVTIa 
than in  XXVXIIa because there i s  r e la t iv e ly  l e s s  s t e r ic  in ter fe r en ce .
Therefore, a f t e r  h y d ro ly s is , a preponderance o f the p~hydroxy«acid having 
the con figu ration  depicted  in  SZHa ( i j )  would be expected .
CH .CO H
; 2 2
I
R D = * - C - o O H
R* ' R» > R
XZIXa S IV
This was indeed found to  be the case when the dissymmetric group contained  
only one asymmetric carbon atom; fo r  example, in  rea ctio n s w ith  
( +)~s~butyi or (+ )~l~m ethylheptyl bromoacetates (see  p . 78 ), when a 
preponderance o f < s w + )  “P«hydroxyraP«phenylbutyric a c id  and 
(g)™(-)«p-.hydroxy«’P-phenylpropionio a c id  were obtained from acetophenone 
and belzaldehyde r e sp e c t iv e ly . Models o f those o p t ic a l ly  a c t iv e  bromoacetates, 
in which the sm all and medium su b stitu en t of the dissymmetric group are H 
and Me r e s p e c t iv e ly , showed th at there would be l i t t l e  s t e r ic  in ter feren ce  
between even the la rg er  group (RT) of the carbonyl -compound and the methyl 
group o f the dissymmetric group; i t  would th erefore be expected th a t the 
degree o f asymmetric sy n th es is  would be sm all, as indeed ?:as found to  be the  
case.
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The h y p o th esis  must a lso  ho ld  f o r  re a c tio n s  w ith  dissym m etric 
compounds in  w hich th e re  a re  more th an  one asymm etric carbon atom s| i . e .  
f o r  th o se  re a c t io n s  in  which («)~m enthyl and (~ )« b o m y l b rom oacetate  were 
u sed . As d isc u sse d  e a r l i e r  (~ )°n en th o l and (« )«bo rneo l may be c o n s id e red  
to  have s im ila r  c o n f ig u ra tio n s  i f  d e p ic te d  as HD-CSML (see  p ,7 7  ) and th e  
co rrespond ing  m enthyl and b o m y l groups to  be of o p p o site  c o n f ig u ra tio n  to  
th a t  shown in  formulae XXVII and XXVIII. T h e re fo re , one would ex p ec t to  
o b ta in  from compounds such as  benzaldebyde and acetophenone a preponderance 
of th e  p -b y d ro x y -ac id  w ith  th e  c o n f ig u ra tio n  o p p o site  to  th a t  sho?7n in  IV, 
i . e .  2XCXb
CH .CO H
t 2  2
» 
t i
H> p = -  C - d  R
k
1 Rf >R
Rf
X X H b
in  w hich Rf i s  th e  l a r g e r  o f th e  two groups a tta c h e d  to  th e  carbony l group 
and R i s  th e  sm a lle r . This i s  in d eed  found to  be th e  case f o r  th e  r e a c t io n  
of ( - ) - b o r n y l  b rom oaceta te  w ith  e i t h e r  acetophenone (R = Mej R* = p;&) [ l8 ]  
or ben za ld eh y le  (R = H| RT = Ph) [19 ]• M oreover, in  th e  Reform atsky 
re a c t io n  between ( - ) - b o r a y l  b rom oacetate  and cyclohexanecarboxaldehyde 
the  p roduct c o n ta in ed  a predominance o f th e  e n a n tio n e r  w ith  th e  same
c o n fig u ra tio n  as  d e p ic te d  in  XXIXb, (R = H; Rf = cy c lo h e x y l) .
However, w ith  each  o f th e se  th re e  carbony l compounds th e  (-)-m e n th y l 
e s t e r  gave a preponderance o f th a t  isom er o f th e  f3-hydroxy«>acid w ith  
c o n f ig u ra tio n  o p p o s ite  to  t h a t  o b ta in ed  w ith  th e  (« )~ borny l e s t e r ,  i . e .
XXIXa r a th e r  th a n  XXIXb. S im ila r ly ,  in  a number o f o th e r  cases  th e  
(«)«m enthyl group was found to  have an o p p o site  e f f e c t  to  th e  ( - ) -b o rn y l  
group, b u t th e re  i s  no ev idence as  to  th e  a c tu a l  d i r e c t io n  o f asym m etric 
sy n th e s is  a s  caused  by th e  e s t e r s ,  s in ce  th e  a b so lu te  c o n f ig u ra tio n  of the  
r e s u l t in g  (3-hydroxy-acids i s ,  as  y e t ,  unknown. Thus, i t  would appear, 
th a t  th e  r e s u l t s  w ith  th e  (~)«m enthyl e s t e r  a re  a t  v a ria n ce  w ith  th e  
hypothesis*  However, in  assignm ent of a s im ila r  c o n f ig u ra tio n  to  
(“ )«m enthol and («=>)~bomeol ( i* e .  V II ) we have co n sid e red  only  th e  asym m etric 
carbon atom a tta c h e d  to  th e  oxygen atom, and have n e g le c te d  th e  f a c t  th a t  
th e  la rg e  group GO in  b o th  o f th e se  a lc o h o ls  i s  a ls o  dissym m etric; a 
comparison o f models o f («)»m enthol and ( - ) -b o m e o l  shows th a t  t h i s  f a c t  cou ld  
be r e le v a n t .
In  b o th  ( - ) - b o m e o l  and (-)-m e n th o l (see  V and VI, p . 77 ) th e  c e n tre
o f a symme tr y  in  th e  ”la r g e ” group, i . e .  th e  atom, i s  s i tu a te d  in  a  c y c lic
system b u t in  (—)-b o rn e o l th e  atom i s  a lso  a  b rid gehead  carbon atom.
However, th e  c o n f ig u ra tio n  a t  th e  atom o f (—)-b o rn e o l cou ld  be co n sid ered
to  be o p p o s ite  to  th a t  o f ( - )-m e n th o l, in  term s o f th e  r e l a t i v e  s iz e s  o f th e
groups a tta c h e d , i f  i t  i s  assumed th a t  in  ( - ) -b o m e o l  th e  c y c lic  ~CH2~ group
be sm a lle r  th a n  th e  m ethyl group; ( - ) -b o rn e o l  cou ld  th en  be d e p ic te d  as 
i L
HO-C-C-M, (S = r in g  -CHg-; M = Me; L -CMe2~ b r id g e ) ,  and ( - ) -m enthol as 
S
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HO-C-C-S, (S = H; M = r in g  - C I i -  • L = P r1). I f  th e  conform ation  o f 
I t 2
M
th e  R eform atsky re a g e n t which i s  im portan t in  de term in ing  asymm etric 
s y n th e s is  i s  as  has been d iscu ssed  th e  c o n f ig u ra tio n  a t  i s  r e le v a n t ,  s in c e  
th e  iso p ro p y l group o f th e  (-)-m en th y l r a d ic a l  i s  o r ie n te d  such th a t  i t  
would ten d  to  s h ie ld  th e  " l e a s t  h indered" s id e  o f th e  Reform atsky re a g e n t, 
whereas th e  -CMe^- b r id g e  o f th e  ( - ) -b o rn y l  r a d ic a l  i s  d ire c te d  away from 
th e  r e s t  o f th e  Reform atsky re a g en t m olecu le. The p o s i t io n  o f th e  m ethyl 
group a tta c h e d  to  th e  C^-atom o f th e  ( - ) -b o m y l r a d ic a l  would approxim ate 
to  th a t  o f th e  iso p ro p y l group o f th e  (-)-m en th y l r a d ic a l ,  b u t i t  would no t 
have th e  same s h ie ld in g  e f f e c t  s in ce  n o t only i s  i t  sm a lle r  b u t i t  i s  
d ire c te d  r a th e r  f u r th e r  away from th e  r e a c t iv e  p a r t  o f th e  Reform atsky 
reag en t m olecule because o f th e  b ic y c l ic  r in g  system . The s h ie ld in g  e f f e c t  
of th e  iso p ro p y l group has been i l l u s t r a t e d  in  F igu re  (XXX), in  which 
(-)-m en th o l and
H
MeHO
Me
t
I
—rem ainder o f m enthol mol, 
—rem ainder o f  bo rn eo l mol.
\  ' >
* MeXXX
(.-)-M enthol ..and ( - ) —B orneol superim posed (From D re id ing  Models)
The C -0  and th e  0 -H bonds be in g  in  th e  p lan e  o f th e  p ap er, a a
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(•»)-b o rn e o l a re  superim posed about th e  bonds d i r e c t ly  a t ta c h e d  to  th e
asymm etric carbon atom b e a r in g  th e  hydroxyl group. S ince t h a t  s id e  o f
the  R eform atsky re a g en t p rep a red  from m enthyl brom oacetate  which w ould,
from th e  e a r l i e r  sim ple h y p o th e s is , be assumed to  be th e  l e s s  h in dered  i s
#
in  f a c t  th e  more h in d ered  th e  («)®mentbyl e s t e r  m ight be expected  to
give p ro d u c ts  of o p p o s ite  s ig n  of r o ta t io n  to  those  o b ta in ed  from th e
(~)«»bomyl e s t e r .
W ith re fe re n c e  to  th e  o th e r  b ic y o l ic  te rp e n o i?  ( - ) -a ~ fe n c h o l (X ),
used in  th e  e a r l i e r  s tu d ie s  [1 8 , 19] on p a r t i a l  asym m etric sy n th e s is  in  th e
Reform atsky r e a c t io n ,  i t  was found th a t  r e a c t io n  w ith  benzaldehyde o r w ith
acetophenone le d  to  an a c id  o f th e  same s ig n  of r o ta t io n  as  th a t  o b ta in ed
when ( - ) -b o rn y l  b rom oacetate  was u sed . The s t ru c tu re  o f (~ )~ a-fen ch o l
in  term s of th e  s iz e  o f th e  s u b s t i tu e n ts  a tta c h e d  to  th e  C carbon atom i s
a,
d i f f i c u l t  to  a s s e s s  (see  p . 80 )• However, on th e  assum ption th a t  th e  
Reform atsky re a g e n t has th e  c o n f ig u ra tio n  a lre a d y  assumed to  be of 
im portance in  de term in in g  asym m etric s y n th e s is ,  i t  would a p p ea r, from a 
c o n s id e ra tio n  o f th e  m odels, th a t  th e ”C « group” i s  b u lk ie r  th a t  thep -D
group” . Then, th e  c o n f ig u ra tio n  of (-)« a« fen o h o l would be s im i la r  to  
th a t  o f (« )~ b o raeo l in  term s of th e  r e l a t i v e  s iz e s  o f groups a t ta c h e d  to  
the carbon atom b e a r in g  th e  hydroxyl group. The degree o f asym m etric 
sy n th es is  o b ta in e d  on r e a c t io n  of th e  e s t e r  o f t h i s  a lco h o l w ith  acetophenone 
was about h a lf  t h a t  o b ta in ed  when th e  (« )« b o ray l e s t e r  was u sed , a f a c t
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which would ap p ear to  su pport th e  su p p o s itio n  th a t  th e  and C /  -  groups”
a re  approach ing  s im i la r  h u lk . However, r e a c t io n  w ith  benzaldehyde gave 
th e  same degree o f asym m etric sy n th e s is  as when m enthyl o r b o rn y l 
b rom oacetate  was used . In  th e  fo rm u la tio n  o f th e  h y p o th es is  only 
carbony l compounds (R.CJO.R*) in  which th e re  i s  a marked d if fe re n c e  in  
s iz e  between th e  two groups a t ta c h e d  to  th e  carbony l group ( i . e .  Rf R) 
have so f a r  been co n sid e red , s in ce  in  th e se  cases  th e  a b so lu te  
c o n f ig u ra tio n  o f th e  p ro d u c ts  i s  known. The a b so lu te  c o n f ig u ra tio n  i s  
a lso  known o f a s e r ie s  o f p~hydroxy«acids o b ta in ed  from Reform atsky re a c t io n s  
between (« )«m entbyl b rom oacetate  and n « a lk an a ls  (see  p . 7 5 ). The degree 
of asym m etric s y n th e s is  observed in  th e se  cases  was sm a ll, as  may be 
expected  s in ce  th e  s t e r i c  in te r a c t io n  between th e  a lk y l  group and th e  
dissym m etric group would be s l i g h t .  However, r e s u l t s  o b ta in ed  a re  in  
accord  w ith  th e  above Jy p o th e s is , th e  c o n f ig u ra tio n  of th e  predom inant 
isom er b e in g  a s  d e p ic te d  in  IV and XXIXa (R = Hj Rf = n -  a lk y l ) .
The s t e r i c  course  of a d d it io n  to  carbonyl compounds in  which Rf 
was b u lk ie r  th an  R was ex p la in ed  by c o n s id e ra tio n  of th e  s t e r i c  in te r f e r e n c e  
between th e  d issym m etric  group and only  th e  la rg e  group (R*)* When, 
however, th e  two groups a re  bo th  bulky and approach th e  same s iz e  s t e r i c  
in te r a c t io n  betw een each o f  th e  groups (R and R1) and th e  d issym m etric 
group must be c o n s id e re d . M oreover, w ith  two la rg e  groiips (R and R! ). s r e  :.-c 
in te r a c t io n s  w i l l  be le s s  lo c a l is e d  and th e  group p o s it io n e d  under th e
carbony l group o f  th e  e s t e r  would no doubt i n t e r a c t  w ith  th e  d issym m etric 
group. Thus, no s im p l i f ic a t io n  o f tre a tm e n t, as was made fo r  compounds 
w ith  R and R* d i f f e r in g  m arkedly in  s iz e ,  can be made w ith  t h i s  type  o f 
k e to n e . With a-m ethylbenzophenone and w ith  cyclohexy l phenyl k e to n e , 
which b o th  f a l l  in to  t h i s  c a te g o ry , "anomalous” r e s u l t s  ( i . e .  p ro d u c ts  o f . 
th e  same s ig n  o f r o ta t io n  from th e  (-)-m en tiiy l and from th e  ( - ) -b o rn y l  e s te r )  
were o b ta in e d . S ince th e  a b so lu te  c o n f ig u ra tio n  o f n e i th e r  o f th e  
r e s u l t in g  p -hy d ro x y -ac id s  i s  known i t  i s  n o t p o s s ib le  to  d iscu ss  what 
s t r u c tu r a l  f e a tu re s  of th e  dissym m etric group may be im p o rtan t in  
d e te rm in in g  th e  "anom alous” beh av io u r.
In  s tu d ie s  on p a r t i a l  asymm etric s y n th e s is  o f p -hydroxy-acids d u rin g  
an " a ld o l- ty p e ” co n d en sa tio n  (se e  p . 5 ) o f ke tones w ith  m enthyl o r 
b o rn y l e s te r s  S is id o  and co-w orkers [ 11] found th a t  w ith  0,- s u b s t i tu te d  
benzophenones th e  r e s u l t s  were s im ila r  to  th o se  d e sc rib e d  above, and w ith  
^ - s u b s t i tu te d  benzophenones th e  r e s u l t s  were com parable to  th o se  o b ta in ed  
by us w ith  benzaldehyde e t c .  I t  i s  no tew orthy th a t  w ith  a ch lo ro  o r 
m ethyl s u b s t i tu e n t  in  th e  j>- p o s i t io n  th e  r e s u l t in g  P -hydroxy-acids had 
l i t t l e  o r no o p t ic a l  a c t i v i t y ;  however, s in c e  th e  a c id s  were no t re so lv e d  
the  degree o f asym m etric sy n th e s is  could  n o t be c a lc u la te d .  With th e  
asym m etrical methoxy s u b s t i tu e n t  in  th e  p - p o s i t io n  a f a i r  degree o f 
asymmetric s y n th e s is  o ccu rred  ( l Qfo from m enthyl a c e ta te )  <, The e f f e c t  of 
a methoxy group in  th e  a -p o s i t io n  was no t s tu d ie d , b u t w ith  an o,—m ethyl
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s u b s t i tu e n t  a p p re c ia b le  asym m etric sy n th e s is  (48$) occu rred  w ith  th e  
m enthyl e s t e r  and s l i g h t  (4$ ) w ith  th e  b o rn y l e s te r*  Thus, i t  would 
appear th a t  an a - s u b s t i tu e n t  i s  o f more im portance th an  a ^ - s u b s t i tu e n t  
in  d e te rm in in g  asym m etric sy n th es is*  Moreover, i t  would appear th a t  th e  
"anom alous” beh av io u r i n  th e  Reform atsky re a c t io n s  w ith  cyclohexy l and 
w ith  o ,- to ly l phenyl k e tones r e f l e c t s  n o t th e  s im ila r  b u lk  o f  th e  two groups 
a tta c h e d  to  th e  carb o n y l group b u t r a th e r  th e  non -equ iva lence  o f th e
t»
o p p o s itio n s” .
In  summary, i t  would seem th a t  in  th e  Reform atsky 
re a c t io n  th e  r e l a t i v e  s t e r i c  e f f e c t s  o f bo th  groups 
a tta c h e d  to  th e  carb o n y l group, account be ing  tak en  o f  t h e i r  
p o s i t io n s  r e l a t i v e  to  th e  two oxygen atoms o f th e  e s t e r  group, must be 
co n sid e red  in  r e l a t i o n  to  th e  s t r u c tu r e  o f th e  o p t ic a l ly  a c t iv e  group.
When th e  o p t ic a l ly  a c t iv e  group has more than^asym m etric c e n tre  i t  seems 
l ik e ly  t h a t  th e  c o n f ig u ra tio n s  o f th e  asymmetric c e n tre s  o th e r  than  th a t  
a tta c h e d  d i r e c t l y  to  th e  bromoacetoxy group would be o f some im portance .
Any h y p o th es is  proposed should  p rov ide  a q u a n t i ta t iv e  as w e ll as 
a q u a l i t a t iv e  e x p la n a tio n  o f th e  occurrence  o f p a r t i a l  asymm etric s y n th e s is  
in  th e  R eform atsky r e a c t io n ,  b u t w ith  th e  complex and l im ite d  number o f 
examples so f a r  s tu d ie d , on ly  a tenuous hy p o th esis  i s  as y e t  p o s s ib le .
I t  i s  p o s s ib le  t h a t  when th e  a b so lu te  c o n f ig u ra tio n  o f o th e r  P -hydroxy-acids 
i s  e s ta b l is h e d  and f u r th e r  s tu d ie s  have been made w ith  s im p le r d issym m etric
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a lc o h o ls , th e  rea so n  f o r  th e  s te reo ch em ica l cou rse  o f a d d it io n  of th e  
Reform atsky re a g en t to  th e  carbonyl group may become a p p a re n t. In  
p a r tic u la r ," w h e n  th e  a b so lu te  c o n f ig u ra tio n  o f (3-hydroxy-p-phenyl-p- 
(o - to ly l ) -p r o p io n ic  a c id  and o f p -cyc lohexy l-p -hydroxy-|3 -pheny lp rop ion ic  
a c id  hove been e s ta b l is h e d  c e r ta in  a sp e c ts  w i l l  be c l a r i f i e d .  I t  would 
be p r o f i t a b l e  to  ex tend  th e  in v e s t ig a t io n  to  o th e r  m enthol isom ers in  
o rd e r to  enab le  e lu c id a t io n  o f e x a c tly  which s t r u c tu r a l  f e a tu re s  of 
th i s  d issym m etric  a lc o h o l may be o f im portance in  d e term in ing  th e  course  
of asym m etric s y n th e s is .
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S E C T I O N  VI
EXPERIMENTAL
Ur izm*«X Notes.
tokedicms imW- r^ e-asMJ^ - ^  Soduu^ U^ A> [V  Iull^j assd ,
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1* PREPARATION op intermediates
/  \  ^( i )  P re p a ra tio n  o f  O p tic a l ly  A ctive  E s te r s  o f B rom oacetic Acid
(a )  P re p a ra tio n  o f (-)-M en thy l Brom oacetate 
A m ix tu re  o f  b rom oacetic  a c id  (78 g . ,  O.56 m ole) in  th io n y l c h lo rid e  
(55 m l*) was b o i le d  under r e f lu x  f o r  h o u rs , then  th e  excess  th io n y l 
c h lo r id e  was d i s t i l l e d  o f f .  The re s id u a l  o i l  was coo led  to  room tem peratu re  
and (-)-fflen tho l*  (78 g . , O.5 m ole) was slow ly added to  i t  w ith  shaking  and 
c o o lin g . A fte r  15 m inu tes th e  r e a c t io n  m ix tu re  was slow ly warmed to  100°, 
k e p t a t  t h a t  tem peratu re  f o r  15 m in u tes , and then  d is so lv e d  in  e th e r  (100 ml.). 
The e th e r e a l  s o lu tio n  was washed w ith  10$ aqueous sodium carbonate  (3 x 3 0  ml.), 
w ith  w a ter (3 1  10 m l.)  and then  d r ie d  (Na^SO^). Removal o f th e  e th e r  and 
f r a c t io n a l  d i s t i l l a t i o n  o f th e  re s id u e  gave (-)-m en th y l brom oacetate  
(108 g . , 78$)? i t  had b .p .  126°/3  mm., n^p 1 .4780 , -74*5° (homogeneous),
[a ]  -6 6 .6 °  (c  ^ 2 .52  in  ch lo ro fo rm ). On b e in g  coo led  th e  o i l  slow ly  s o l id if ie d ^  
th e  s o l id  had m .p. 20°.
(* ) P re p a ra tio n  o f  ( - ) -3 o m y l B rom oacetate 
Brom oacetyl c h lo r id e ,  p rep a red  from brom oacetic  a c id  (78 g . , 0*56 mole) 
and th io n y l  c h lo r id e  (55 m l . ) ,  was t r e a te d  w ith  (-»)—bo rn eo l and the  re a c t io n  
m ix ture  was worked up under c o n d itio n s  s im ila r  to  those  used  f o r  the  
p re p a ra tio n  o f  (-)-m e n tb y l b rom oaceta te  [ c f .  (a )  above]. The ( - ) -b o rn y l
* m .p. 43° , [ a ]  - 5O.O0 (0 8 . 26 in  e th a n o l) .
** m .p. 208° ,  [ a ] ^ * ^  -  38. 2* (c  ^ 11.65 in  to lu e n e )
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brom oacetate  (IO 7.9  g»? 78$) had b .p .  98° / 0 .4  mm., 1.4949? -40«4°
OA
(homogeneous), [ a ]  -3 0 .2 °  (£  5•95 in  e th a n o l) .
(c )  P re p a ra tio n  o f  (-f)-B ornyl Brom oacetate
. (+ )-B om yl b rom oacetate  was p rep ared  from brom oacetic  a c id  (22 .3  g«, 
0 .16 m o le), th io n y l c h lo r id e  (15*8 m l.)  and (+ )-b o rn eo l* , by a procedure 
s im ila r  to  t h a t  d e sc r ib e d  above. The e s t e r  (30 g . , 77$) had b .p .  l l 8 ° /2  mm., 
1.4950? ^ + 39*8° (homogeneous), [ a ]  + 30 .0° (_c 2.52 in  e th a n o l) .
( i i )  P re p a ra tio n  o f  Some Carbonyl Compounds
(a )  P re p a ra tio n  o f £.-Meth.ylben zophenone 
(A) From jo-tolylm agnesium  bromide and b e n z o n i t r i le
A s o lu tio n  o f b e n z o n i t r i le  (7*73 g . ? 0.075 mole) in  e th e r  (7 m l.)  was
3
added, d u rin g  hour, to  th e  G rignard  re a g e n t p rep a red  from magnesium 
( 2 .4  g . ? 0 .10  g.**-atom), o-brom otoluene ( l7 » l  g*? 0 .10  mole) and e th e r  
(50 m l . ) |  a p a le  ye llow  s o l id  s e p a ra te d . The m ix tu re  was h e a te d  under r e f lu x  
fo r  8 h o u rs , co o led , and th en  poured onto a m ix tu re  o f ic e  (50 g .)  and 
co n cen tra ted  h y d ro c h lo ric  a c id  (40 m l .) .  The e th e r  was removed from the  
re a c tio n  m ix ture  by  d i s t i l l a t i o n  and th e  aqueous re s id u e  was h ea ted  under 
re f lu x  f o r  2 h o u rs . The o i l  which s e p a ra te d  was e x tra c te d  w ith  e th e r  
(3 x 50 m l . ) .  The combined e th e r e a l  e x t r a c t s  were washed w ith  w ater 
(3 x 20 m l.)  and d r ie d  (Na^SO^). Removal o f th e  e th e r ,  fo llow ed  by 
f r a c t io n a l  d i s t i l l a t i o n ,  gave o-m ethylbenzophenone (13 .6  g . ,  93$) as a
* m.p. 209° , [ a ]  + 3 8 .1 °  (cj 4*74 in  to lu e n e )
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c o lo u r le s s  l i q u id  b .p .  1 2 2 ° /l .3  mm., 1.5916* On tre a tm e n t w ith  a
so lu tio n  o f  2f 4“*^Lnitro phenyl hydrazine su lp h a te  in  m ethanol i t  gave the  
2j 4_&initro p h en y lh y d razo n e  which on re  c r y s t a l l i z a t i o n ,  to  c o n s ta n t m e ltin g  
p o in t, from m ethanol had m .p. I 85 -  188° .
(b ) Prom phenylmagnesium bromide and o - t o l u n i t r i l e  
The G rignard  re a g e n t p rep ared  from bromobenzene (42 .1  g . , O.36  m ole) 
and magnesium ( 9*6 g . ,  0 .4  g .-a to m ), was t r e a te d  w ith  £ - t o l u n i t r i l e  (42 .1  g . ,  
0.36 m ole) under c o n d itio n s  s im ila r  to  those d e sc rib e d  under (A) above.
£-M ethylbenzophe none (5 7 .9  9 82$ ) th u s  o b ta in ed  had b .p .  126° / l .6  mm.,
25 1 .5918 . The 2 ,4 -< iin itrophenylhydrazone had m.p. 185 -  186°.
(C) Prom £ - to l u i c  a c id  and benzene
To a suspension  o f  aluminium c h lo rid e  (100 g . , 0 .75  m ole) in  benzene 
(200 m l.)  coo led  to  8 ° , v/as added w ith  s t i r r i n g  £ - to l u ic  a c id  (34 £•> 0*25 
mole) a t  such a r a t e  th a t  the  tem pera tu re  o f th e  m ix ture  d id  n o t r i s e  above 
15°C. The re a c t io n  m ix ture  was allow ed to  warm up to  room te m p era tu re , and 
s t i r r i n g  was co n tin u ed  f o r  a f u r th e r  2^* h o u rs . The he terogeneous m ixture  was 
s t i r r e d  and h e a te d  under r e f lu x  fo r  4 h o u rs , k e p t a t  room tem peratu re  
o v e rn ig h t, and then  poured onto a m ixture o f ic e  (200 g . ) ,  w a ter (100 m l.)  
and c o n ce n tra te d  h y d ro c h lo ric  a c id  (30 m l .) .  The fb lood—red* o rg an ic  la y e r  
was se p a ra te d  from th e  aqueous la y e r  which was e x tra c te d  w ith  benzene 
(3 x 50 m l . ) .  The combined benzene e x t r a c t s ,  to g e th e r  w ith  th e  "o rgan ic  
la y e r" , were washed w ith  w a te r (3 x 20 m l .) ,  and then  w ith  2.5B’-sodium  
hydroxide s o lu t io n  u n t i l  th e  a lk a l in e  w ashings, on being  a c id i f ie d ,  gave no
-106-
p r e c ip i t a t e  o f u n re a c te d  acids f i n a l l y  th e  benzene s o lu tio n  was washed w ith  
w a ter (3 x  20 m l . ) .  Some o f  th e  co lo u r was removed from th e  benzene s o lu t io n  
by t r e a t i n g  the  h o t so lu tio n  w ith  ch arco a l (3 x 2 g . ) .  Removal o f  th e  
s o lv e n t ' fo llow ed  by f r a c t io n a l  d i s t i l l a t i o n  o f  th e  re s id u e  gave jo-m ethylbenzo- 
phenone ( 26 .8  g . , 55$) a c o lo u r le s s  l iq u id ,  b .p .  154° / l» 9  mm., 1 .5924*
The 2 ,4 -d in itro p h e n y lh y d ra zo n e  had m .p. 182 -  183°.
(b) P re p a ra tio n  o f  C yclohexanecarboxaldehyde
A G rignard  re a g e n t was p rep a red  from cyclohexyl c h lo r id e  (47*6 g»,
0 .4  m ole) and magnesium (9*6 g . , 0 .4  g»-atom ) in  e th e r  (100 m l . ) .  A s o lu tio n  
o f R ,R-dim ethylform am ide ( 29*2 g . , 0 .4  m ole) in  e th e r  (100 m l.)  was added 
dropwise d u rin g  1 hour w ith  s t i r r i n g  to  th e  coo led  reag en ts  th e  r e a c t io n  was 
v ig o ro u s a t  f i r s t .  The m ix ture  7/as th e n  s t i r r e d  a t  room tem p era tu re  f o r  3 
h o u rs . I c e -c o ld  3R -hydroch lo ric  a c id  (150 m l.)  was slow ly  added to  the  
r e a c t io n  m ix tu re , when th e  w hite  s o l id  which had se p a ra te d  d is so lv e d . The 
aqueous la y e r  was se p a ra te d  and e x tra c te d  w ith  e th e r  (80 m l. ,  50 m l. ,  30 m l.,)  
and th e  combined e th e r e a l  s o lu t io n s  7/ere 7/ashed w ith  w a te r  (3 x 25 m l.)  sjid 
d r ie d  (Ra^SO^). Removal o f  th e  e th e r  and d i s t i l l a t i o n  o f  th e  re s id u e  gave 
cyclohexanecarboxaldehyde (23*8 g . , 53 $ ), as a c o lo u r le s s  l iq u id ,  b .p .
67°/24 mm., n^p 1.4527* The sem icarbazone, which was r e c r y s t a l l i z e d  from 
m ethanol, had m .p. I 7O.5 -  171°•
(c )  P re p a ra tio n  o f  ii-M ethylacetophenone
A G rignard  was p rep a red  by th e  slow drop7/ise a d d i t io n  o f  a s o lu t io n  
o f m ethyl io d id e  (35♦5 0*25 mole) in  e th e r  (30 m l.)  to  an ic e - c o ld
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suspension  o f magnesium (6 .0  g . ,  0 .25  g .-a to m ) in  e th e r  (50 m l.)*  When the  
re a c t io n  m ix tu re  had warmed up to  room te m p era tu re , a s o lu t io n  o f 
£ - t o l u n i t r i l e  ( 24*6 g . ,  0 .21  mole) in  e th e r  (50 m l.)  was added d u rin g  20 
m in u tes . The s t i r r e d  re a c t io n  m ix tu re  was h e a te d  under r e f lu x  f o r  1~ ho u rs , 
a p a le  ye llow  s o l id  slow ly  s e p a ra tin g !  h e a tin g  was co n tin u ed  f o r  a  f u r th e r  
7^ h o u rs . The r e a c t io n  m ix ture  was poured onto ic e  (100 g . ) and c o n ce n tra te d  
h y d ro c h lo ric  a c id  (100 m l . ) .  The e th e r  was removed hy d i s t i l l a t i o n  and th e  
r e s id u a l  homogeneous a c id ic  s o lu tio n  was b o ile d  under r e f lu x  f o r  2 hours*
The s o lu tio n  was e x tra c te d  w ith, e th e r  ( l  x 80 m l. ,  2 x  50 m l• ) ,an d th e  combined 
o rg an ic  e x t r a c t s  were washed w ith  w a ter (3 x 20 m l.)  and d r ie d  (Ua^SO^).
A f te r  rem oval o f th e  e th e r  the  re s id u e  was d i s t i l l e d !  £-m ethylbenzophenone 
b .p .  4 4 ° /o .5  mm. was o b ta in ed  as a dark  l iq u id .  T his l iq u id  was steam 
d i s t i l l e d !  th e  d i s t i l l a t e  was e x tra c te d  w ith  e th e r  (3 x 80 m l.)  and th e  
e th e r  e x t r a c t s  were d r ie d  (Na^SO^). The e th e r  was removed and d i s t i l l a t i o n  
o f  th e  re s id u e  gave £-m ethylbenzophenone (1 8 .9  g . , 67$ )  a s  a c o lo u r le s s  
l iq u id ,  b .p .  47°/0*6 mm., n jp  I . 5278. The 2 ,4 -d in itro p h en y lh y d razo n e  a f t e r  
r e c r y s t a l l i z a t i o n  from aqueous e th a n o l, had m .p. 163*5°•
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2. PARTIAL ASYMMETRIC SYNTHESIS OF SOME 3-HYDROXT-ACIDS
U nless o th e rw ise  s ta t e d  " s tan d a rd  c o n d it io n s " were u sed  f o r  th e  
i n t e r  a c t  io .n  o f  th e  b rom oester and th e  carbonyl compound in  th e  p resence  o f 
z in c , f o r  the  h y d ro ly s is , and f o r  th e  i s o la t io n  o f th e  r e s u l t in g  (3~hydroxy~ 
a c id . A ll experim en ts were c a r r ie d  ou t in  d u p l ic a te ,  and th e  r e s u l t s  
o b ta in e d  a re  summarised i n  th e  t a b le s .
The "s tan d a rd  c o n d itio n s"  a re  d e sc rib e d  in  d e t a i l  under th e  " P a r t ia l  
Asymmetric S y n th e s is  o f  p-Hydroxy-{3, Y -d ip h en y lb u ty ric  Acid" from benzy l 
phenyl ke to n e  and (-)-m en th y l brom oacetate  [S u b -se c tio n  ( i )  be lo w ].
P u r i f ic a t io n  o f Zinc
Zinc wool (200 g . )  was covered  w ith  5$ h y d ro c h lo ric  a c id  (300 m l.)  
and th e  m ix tu re  was s t i r r e d  v ig o ro u s ly  f o r  3 m in u tes . The a c id  was 
decan ted  and th e  z in c  wool was washed w ith  d i s t i l l e d  w a te r (3 x 200 m l . ) ,  
dry acetone  (2 x 200 m l . ) ,  and d ry  e th e r  (2  x  200 m l . ) .  The z in c  was 
r a p id ly  d r ie d , under vacuum, and was s to re d  i n  a s to p p ered  b o t t l e ,  over 
CaCl^, i n  a  d e s ic c a to r .
( i )  P a r t i a l  Asymmetric S y n th es is  o f 3-H ydroxy-3 , Y -d ip h en y lb u ty ric  Acid 
(R eac tio n  o f  benzy l phenyl ketone w ith  (-)-m en th y l brom oacetate  
under "S tandard  C o n d itio n s")
A s o lu t io n  o f  (-)-m en th y lb ro m o aceta te  (2 .77  g* , 0 .01  m ole) and 
benzy l phenyl ke to n e  ( 1 .96  g . , 0 .01  m ole) in  b en zen e -e th e r (10 m l. s 10 m l.)  
was added to  z in c  wool ( 1 .31 g . , 0 .02  g .-a to m ), and the m ix tu re  was h ea ted
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under r e f lu x  f o r  4 h o u rs . The l iq u id  was d ecan ted  from the  r e s id u a l  z in c  
and was poured onto ic e  (5 g . )  and 5N -su lp h u ric  a c id  (10 m l . ) .  The 
u n re a c te d  z in c  was washed w ith  e th e r  and then  w ith  w a ter and the  combined 
w ashings were added to  th e  su lp h u ric  a c id . The aqueous m ix tu re  was e x tra c te d  
w ith  e th e r  (3 x 25 m l.)  and th e  combined o rg an ic  e x t r a c t s  were washed w ith  
w a ter (3 x 20 m l.)  and d r ie d  (Na^SO^). The so lv e n t was removed by 
d i s t i l l a t i o n 9 f i n a l l y  under reduced  p re s s u re ? to  g ive  a  s e m i-so lid  r e s id u e .
The p ro d u c t was h y d ro lysed  by h e a tin g  under r e f lu x  w ith  2 .5N -potassium  
hydroxide (4*4 m l.)  and 96$  e th an o l f o r  4 h o u rs . The m ix tu re  was d i lu te d  
w ith  w a te r (10 m l.)  and the  a lco h o l was removed by d i s t i l l a t i o n  under 
reduced  p re s su re  a t  a tem peratu re  n o t exceeding  60°. N e u tra l components were 
removed from th e  aqueous a lk a l in e  s o lu tio n  by e x tr a c t io n  w ith  e th e r  
(3 x 25j 2 x 10 m l . ) .  The aqueous so lu tio n  was a c id i f ie d  w ith  
5 N -su lp h u ric  a c id  and e x tra c te d  w ith  e th e r  (3 x 253 2 x 10 m l . ) .  The 
combined e th e r e a l  e x t r a c t s  were washed ? d th  w a ter (3 x  10 m l.)  and d r ie d  
(Na^SO^). Removal o f  the  so lv e n t gave (3-hydroxy-f3, Y -d ip h en y lb u ty ric  a c id
(1 .4 0  g . j 55$)? m .p . 99°, [ a ]  + 10 .6° (jc 2 .02  in  e th a n o l) .  (Founds
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Partial Asymmetric Synthesis of (3-Hydroxy-(35 Y-diphenylhutyric Acid
(Reaction of benzyl phenyl ketone with op tica lly  active bromoacetates)
BrCHg.CO^R
R
g.
(m ole)
[3-h y d ro x y -ac id
y ie ld
g* m .p. [ a ]  (c  in  e th a n o l)
( - /-m enthyl 
2.77 
( 0 . 01 )
1 .4 0
(55)
99° +10. 6° ( 2 . 02 )
(-)-m e n th y l
2.77
(0 . 01)
1.15
( 43)
99-5° +10. 70 (2 . 00)
(+ )-b o rn y l
1 .37
(0 . 005)
0.81
(63)
100.5° + 4 .5 °  (2 .0 0 )
(+ )-b o rn y l
1 .37
(0 . 005)
0 .90
(10)
97 .5-98° + 4*5° (2 .0 0 )
* The [3-hydroxy-acid o b ta in e d  from t h i s  experim ent was an a ly sed  -  
Pounds C, 74*85? H3 6 .3 ,
C alc, f o r  C, 75*0? H, 6 .3 $
- I l l -
( i i )  Partial Asymmetric Synthesis of g -  Hydro xy-3 -  (o.-m e t  hoxyphenyl) -propi oni c Acid
(Reaction of n-methoxybenzaldehyde with op tica lly  active bromoacetates)
BrCH2 .C02R p -h ydroxy-ac id
R
e*
(mole)
y ie ld
g*
m
m .p. 1—
1 
p 1_1 (<i i n  e th a n o l)
(-)-m en th y l
4-16
( 0 . 015)
2.22
(76)
59 .5  -  60° -9 .7 ° (2 .5 2 )
( - ) -m enthyl 
4*16
( 0 . 015)
2.19
(76)
59 -  59-5° -1 0 .1 ° (2 .5 2 )
(+ )-b o rn y l
2.75
(0 .0 1 )
1 .16
(82)
59 .5  -  60° -2 .5 ° (2 .5 1 )
(+ )~bornyl
2.75
(0 .0 1 )
1 .48
(76)
!1 ..........
60 -  61° - 2 .5  * (2 .5 1 )
^A nalysis  o f th e  3 -h y d ro x y -ac id  -  Founds C? 61.15? H, 6.35*
C alc , f o r  6 1 .2§ H? 6.15$»
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( i i i )  P a r t i a l  Asymmetric S y n th e s is  of g-C yclohexyl-i3-hydroxypropionic Acid
(Reaction of cyclohexanecarboxaldehyde with op tica lly  active bromoacetates')
X1
BrCHg.CO^R (3 -hydroxy- a c i  d
R
(mole)
y ie ld
S>
m
m.p.
i—
i 
i_
i (c_ i n  e th a n o l)
(-)-m en th y l
8 .32
(0 .0 3 )
3 .49
(68)
71.5 -  72° -1 .4 ° (6 .3 4 )
( - ) -m enthyl 
8 .32  
(0 .0 3 )
1 .60
(31)
67 .0  -  67.5° -1 .3 ° (6 .7 5 )
( - ) -b o rn y l
4 .13
( 0 . 015)
1 .7 4
(67)
73 -  73 .5° +1.3° (3 .6 8 )
( - ) -h o rn y l
4*13
(0 . 015)
0.86
(33)
68.5  -  70° +1.2° (3 .6 8 )
) P a r tia l Asymmetric S yn th esis o f (3-H ydroxy-|3-(£-tolyl)-butyric Acid
(R eac tio n  o f  £-m ethylacetophenone w ith  o p t ic a l ly  a c t iv e  h rom o ace ta tes)
B r C H g . C O g R (3-h y d ro x y -ac i d
R
S '
(m ole)
y ie ld
g-
{$)
1—
1 
1 __» (c_ i n  e th a n o l)
(-)-m e n th y l
4 .16
(0 ,015 )
1 .0 8
(37)
+ 4.0° (2 .6 8 )
( - ) -m enthyl 
4 .16 
(0 .015 )
1 .2 4
(43)
+3.9° (2 .6 8 )
( - ) -b o rn y l
4 .13
(0 .015)
1.33
(46)
-5 .0 ° (2 .6 8 )
( - ) -b o rn y l
4 .13
(0 .0 1 5 )
1 .52
(52)
1 4^ • VO 0 (2 .6 8 )
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(v) Asymmetric Synthesis of g-Cyclohexyl-g^hydroXy-p-pheriylpropionio Acid
(Reaction of cyclohexyl phenyl ketone with, op tica lly  active hromoacetates)
BrCHg.COgR
R
8*
(mole)
p -hy  d r oxy- a c i  d
y ie ld
g-
m
m .p.
[a ]  (jc i n  e th a n o l)  
/ t [ a ]  (£  in  d ioxan)
(-)-m en th y l 0.77 I 67.5  -  168° - 6 . 1° (1 .5 1 )
1 .67 (51) + - 12. 0 ° ( 2 . 03)
(0 . 006)
(-)-m en th y l 1 .49 173.5 -  174° -5 .6 °  (1 .5 1 )
2.77 (60)
( 0 . 01)
(+ )-b o rn y l 1 .18 173 -  173.5° +3.1° (1 .5 1 )
2 .07 ( 64) t  +4.2° (4 .7 2 )  '
(0 .0075)
(+)~bornyl 1 .19 173 -  173.5° +3.3° (1 .5 1 )
2.07 (64)
(0 . 0075)
(+ ) -b o rry l 0 .77 172.5 -  173° +4 .4 °  (1 .5 1 )
1 .38 ( 6 2 )
(0 . 005)
*
)xy a c id  -  Founds C9 72*85? H? 8 .2 . 
C alc , f o r  C15H2003 s  C? 72-55P H? 8 .1$,
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(v i)  P a r t i a l  Asymmetric S y n th es is  o f  g-Rydroxy-3-p h e n y lb u ty rio  A cid 
Benzene as  so lv e n t ( " C la s s ic a l  Reform atsky c o n d itio n s " )
A s o lu tio n  o f  acetophenone (2 .6 6  g . , 0 .022 m o le), and (-)-m en th y l 
brom oacetate  (6 .31  g. , 0 .023 mole) i n  benzene was h ea ted  under r e f lu x ,  i n  th e  
p resence  o f z in c  wool (1 .55  0 .024  g .-a to m ), f o r  4 h o u rs . The r e a c t io n
m ix tu re  was worked up a s  d e sc rib e d  under su b -se c tio n  2 - ( i ) .  The 
p -h y d ro x y -p -p h en y lb u ty ric  a c id  (1 .8 8  g . , 48$ ) i s o la te d  had m .p. 68- 68. 5 %
[ a ] 24 + 3 *2° (c  7 .31  in  e th a n o l) .
In  an analogous experim ent ( - ) -b o rn y l  b rom oacetate  (2 .8 2  g . , 0 .01 mole) 
was u sed  in s te a d  o f th e  (-)-m e n th y l e s t e r .
The r e s u l t i n g  p -h y d ro x y -p -p h en y lb u ty ric  a c id  (1 .05  g . , 58$) had m.p. 
69. 5- 70% [ a ] 24 - 1 . 2° (c  5 .06  in  e th a n o l) .
(v i i )  P a r t i a l  Asymmetric S y n th e s is  o f p-Hydroxy-p—p h e n y l-p - (o - to ly l) -p ro p io n io  Acid 
R eac tio n  o f  o-m ethylbenzophenone w ith  o p t i c a l ly  a c t iv e  b ro m o ace ta tes .
(a )  Benzene as S o lven t ( " C la s s ic a l  R eform atsky c o n d itio n s" )
A s o lu t io n  o f onmethylbenzophenone (2 .9 4  g «3 0 .015 mole) and 
(-)-m e n th y l b rom oaceta te  ( 4*16 g . , 0.015 mole) in  benzene (30 m l.)  was 
h e a te d  in  th e  p resence  o f z in c  ( l . l l  g . , 0.017 g .-a to m ) f o r  4 h o u rs . The 
r e a c t io n  m ix tu re , a f t e r  b e in g  worked up as  d e sc r ib e d  p re v io u s ly 9 fu rn ish e d  
p -h y d ro x y -p -p h e n y l-p -(o - to ly l) -p ro p io n ic  a c id  (0 .8 6  g . , 22$), m .p. 138-139° 
(w ith  foam ing), [ a ]  -3 0 .2 °  (c  1.37 in  a c e to n e ) .
In  a s im ila r  experim ent when ( - ) -b o rn y l  b rom oacetate  was u sed  in s te a d  
o f  (-)m en th y l b rom oacetate  no r e a c t io n  o ccu rred .
- 116-
(b) W ith A c tiv a te d  Zinc (m odified  "S tandard  C o n d itio n s” )
A c tiv a te d  z in c  was p rep a red  by g e n tly  h e a tin g  under reduced  p re ssu re  
(app rox . 1 mm.) z ino  wool (1 .23  g . ? 0.01875 g»-atom ) and a  c r y s ta lS'
o f  io d in e  i n  a round-bottom ed f l a s k  u n t i l  a w h ite  sub lim ate  was formed on 
th e  w a lls  o f  th e  f l a s k .  The a p p a ra tu s  was a llow ed to  cool to  room 
te m p e ra tu re 5 th e  vacuum was re le a s e d  and a s o lu t io n  o f o-m ethylbenzophenone 
( 2 .08  g . s 0.0075 mole) and (-)-m en th y l brom oacetate  ( 2 .08  g . , 0.0075 mole) 
in  b e n ze n e -e th e r (7 .5 ml* s 7*5 m l.)  v/as added. The m ix tu re  was h ea ted  under 
r e f lu x  f o r  4 hours and was worked up as u s u a l, p -  Hydroxy- (3 -  phe ny 1 -{3 -  
(_ o - to ly l)-p ro p io n ic  a c id  (O.65 g . 9 34$) was o b ta in ed }  i t  had m .p. 146-147° 
(w ith foam ing) 9 [a ]  - 46. 8° (^ c 1 .39  i*1 a c e to n e ) .
Under s im ila r  c o n d itio n s  no re a c t io n  to o k  p lace  betw een 
o^-methylbenzophenone and ( - ) -b o rn y l  b rom oaceta te .
(c )  In  th e  P resence o f  Anhydrous Zinc Bromide (M odified "S tandard  
C o n d itio n s" )
Anhydrous z in c  bromide was p rep ared  by th e  slow dropw ise a d d itio n  o f  
bromine (0 .3 8  m l., 0.0075 mole) to  a m ix tu re  o f  z in c  (1 .23  g . , 0.01875 
g .-a to m ) and d ry  e th e r  (7*5 m l .) .  When re a c tio n  was com plete a s o lu tio n  o f 
£-m ethylbenzophenone (1 .4 7  g «9 0.0075 m ole) and (-)-m en th y l b rom oacetate  
(2 .0 8  g . ,  0 .0075 mole) in  benzene (7*5 m l.)  was added, and th e  m ix ture  was 
h e a te d  under r e f lu x  f o r  4 h o u rs . The re a c t io n  m ix tu re  was worked up and th e  
hy d roxy-ac id  (O.49  g . , 20$) was i s o la t e d  as u s u a l .  The p -h y d roxy-p -pheny l-
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p - ( £ - to ly l ) - p r o p io n ic  a c id  had m .p. 151- 151«5 ° (w ith  foam ing), [ a ]  -47*6°
(c  1 .37 in  a c e to n e ) .
Under s im ila r  c o n d itio n s , when ( - ) -b o rn y l  brom oacetate  (4-13 £•9
- S '
0.015 m o le), £-m ethylbenzophenone (2 .9 4  g» ? 0 .015 m o le), z in c  (2 .4 5  g«? 
0.0375 g .-a to m ) and bromine (0 .7 5  m l.,  0 . 015 m ole) were u sed , the  
p -h y d ro x y -p -p h e n y l-p -(o - to ly l) -p ro p io n ic  a c id , (1*69 g . , 44$) 
i s o la te d  had m .p . 143-143.5° (w ith  foam ing), [ a ]  -5*4° (£  2.45 i n  acetone)..
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P a r t i  a l  Asymmetric S y n th es is  o f  p -H ydroxy-(3-phenyl-j3-(.o-io ly l)~propionic  Acid
( in t e r a c t io n  o f  onoaethyTbenzophenone with, o p t i c a l ly  a c tiv e  b ro m oaceta tes)
(a )  Benzene as  so lv en t
BrCH .COgR
H
g*
(m ole)
p -hy d ro x y -ac id
■
y ie ld
g*
w
m.p. 
(w ith  foam ing)
[a ]  (c_ i n  ace to n e)
(-)-m en th y l
4 .16
(0 .0 1 5 )
0 .53
( 14)
134 -  135° -3 4 -1 °  (1 .3 7 )
(-)-m en th y l
4 .16
( 0 . 015)
0.81
(21)
137 -  138° -3 3 .0 °  (1 .3 7 )
(-)-m en th y l
4 .16
(0 .015 )
0.86
(22)
138 -  139° -3 0 .2 °  (1 .3 7 )
( - ) -b o rn y l
4.13
(0 .015 )
MS
No R eaction
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P ar t i a l  Asymmetric S y n th es is  o f (3-H ydroxy-(3-phenyl~[3-  ( o - to ly l )  -p ro p io n ic  Acid
(b ) W ith a c t iv a te d  z in c  and b e n ze n e -e th e r a s  so lv en t
BrCH2.C02R
R
(m ole)
j3 -h y d ro x y -ac i d
y ie ld
g.
( «
m .p.
(w ith  foam ing)
[a ]  (c  in  ace to n e )
(-)-m en th y l 0 .62 149° -4 7 .5 °  (1 .3 9 )
2 .08 (33)
(0 .0075)
(-)-m en th y l 0.65 146 -  1470 -4 6 .8 °  (1 .3 9 )
2 .08 (34)
(0 .0075)
( - ) -b o rn y l - Ro r e a c t io n
4.13
(0 .015 )
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P ar t i a l  Asymmetric S y n th es is  o f p -B y d ro x y -p -p h e n y l- fJ -^ - to ly lJ -p ro p io n ic  Acid
( ° )  In  th e  p resence  o f  anhydrous z in c  "bromide
BrCHg.COgR
B.
S-
(m ole)
1......... ........ ........... — ................... ..—..................
(3 -h y d ro x y -ac i d
y ie ld
g .
w
m.p. 
(w ith  foam ing)
[a ]  (c_ in  ace to n e )
(-)-m en th y l
2 .08
(0 .0075)
0 .40
(19)
148 -  148. 5 ° -4 7 .9 °  (1 .3 7 )
(-)-m en th y l
2 .08
(0 .0075)
0 .4 9
( 26)
151 -  151.5 ° -4 7 .6 °  (1 .3 7 )
( - ) -b o rn y l
4*13
(0 . 015)
I .69
(44)
143-143.5° -5 .4 °  (2 .4 5 )
( - ) -h o rn y l
4 .13
(0 .0 1 5 )
O.75
(20)
142-143° -5 .2 °  (2 .4 5 )
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5 . ATTEMPTED DETERMINATION OF THE ABSOLUTE CONFIGURATION OF 
6-CYCLOHEXY3>-3-HYDROXY-g-PHE3mPROPIONIG ACID
( i )  P re p a ra t io n  o f (-)-C y c lo h ex y lp h en y lo a rb in o l
To a  G rignard  re a g e n t, p rep a red  from cy c lohexy l c h lo r id e  (130 ,4  g« >
1 ,1  m ole) and magnesium (2 6 ,8  g . , 1 ,1  g .-a to m ) in  e th e r  (550 m l .) ,  was
added a s o lu t io n  o f  benzaldehyde (106 .1  g . , 1 ,0  mole) in  e th e r  (1 0 0 ml.) d u r in g
1-f hours w ith  s t i r r i n g  and c o o lin g . The r e a c t io n  m ix tu re  was h ea ted  under
r e f lu x  fo r  1 hour. Ice  (100 g . ) ,  water (200 m l.) and ^ -h y d ro c h lo r ic  ac id*
(500 m l.)  was added to  th e  coo led  r e a c t io n  m ix tu re ; th e  aqueous la y e r  
was e x tra c te d  w ith  e th e r  (3  z  80 m l .) ,  and th e  combined e th e r e a l  s o lu t io n s  
were washed w ith  w a ter and d r ie d  (Ua^SO^). The e th e r  was d i s t i l l e d  o f f  
and th e  r e s id u e , a f t e r  r e c r y s t a l l i z a t i o n  from l i g h t  pe tro leum  (b .p .  6 0 -8 0 °) , 
gave cy c lo h e x y lp h e n y lc a rb in o l (129,6 g , , 68$) as  c o lo u r le s s  p la t e s ,  
m .p. 4 8 ,5 ° .
( i i )  P re p a ra t io n  o f C hlorocyclohexylphenylm ethane
T hionyl c h lo r id e  (10 m l.)  was added dropw ise d u rin g  45 m inutes to  
cy c lo h ex y lp h en y lca rb in o l (14 g . ,  0.0737 mole) a t  room te m p e ra tu re . The 
r e a c t io n  m ix tu re  was h ea ted  on a steam  b a th  f o r  1 hour and k e p t a t  room 
tem p era tu re  o v e rn ig h t. The excess th io n y l c h lo r id e  was removed by 
d i s t i l l a t i o n  under reduced  p re s s u re . D i s t i l l a t i o n  o f th e  re s id u e  gave
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ch lorocyclohexylphenylm ethane ( 13*21 g . ,  86fo) a s  an o i l ,  b .p„  1 2 8 ° /2 .2  mm,,
23 on 1*5395. The o i l  slow ly  s o l id i f i e d  and th en  had m ,p, 27 •
" D
■' vP
( i i i )  ; P re p a ra tio n  o f (£ )-6 -0 y o lo h ex y l-ft-p h en y lp ro p io n ic  Aoid from 
C hlorocyclohexylphenylm ethane and D ie th y l M alonate 
( a )  W ith Sodium E thoxide
D ie th y l m alonate (1 ,6 3  g . , 0.0103 m ole) was added to  a s o lu t io n  o f 
sodium e th o x id e , p rep a red  from sodium w ire  ( 0 ,23  g . ,  0*01 g .-a to m ) and absolute
e th a n o l (3  m l* ). The s o lu t io n  was warmed g e n tly  f o r  2-3  m inu tes on a
steam b a th  and chlorocycloheicylphenylm ethane (2 ,0 8  g . , 0 .01  mole) was th en  
added. The m ix tu re  was h ea ted  under r e f lu x  f o r  28 hours and k e p t a t  room 
tem p era tu re  f o r  108 hours w ith  o cca s io n a l sh ak in g . Sodium hydroxide (2  g , ) 
in  w a te r  (8 m l.)  was added and th e  m ix ture  was h ea ted  u n der r e f lu x  f o r  2 h o u rs . 
The s o lu t io n  was d i lu te d  w ith  w a te r (15 m l .) and , a f t e r  rem oval o f th e  
a lco h o l by d i s t i l l a t i o n  under reduced  p re s s u re ,  was e x tr a c te d  w ith  e th e r  
(3 x 30 m l.)*  The aqueous la y e r  was a c id i f i e d  to  pH 1 and e x tra c te d  w ith  
e th e r  (3 x  30 m l . ) .  The combined e th e r e a l  e x t r a c ts  were washed w ith  w a te r 
( 3 x 5  m l . ) .  Removal o f th e  e th e r  gave a s o l id  (1 .1 4  g * ) , m .p. 1 1 5 ~ ll6 °
(w ith  e f fe rv e s c e n c e ) .  The s o l id ,  c o n c e n tra te d  h y d ro c h lo ric  a c id  (25 m l.)  
and w a te r  (5 m l.)  were h ea ted  to g e th e r  u n d er r e f lu x  f o r  2 h o u rs . The 
r e a c t io n  m ix tu re  was co o led  and was e x tr a c te d  w ith  e th e r  (3 x  30 m l .) .  The
combined o rg an ic  e x t r a c t s  were washed w ith  w a te r  (3  x  5 m l.)  and d r ie d
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(Na SO )• On removal o f th e  so lven t a brown s o l id  (0 .1 0  g*, 4$) m.p.
2 4
70-75° was obtained* Three r e c r y s t a l l i z a t i o n s  o f th e  s o l id  from l i g h t  
pe tro leum  (b*p* 4 0 -6 0 °) gave ^ o y o lo h e sy l-p -p h e n y lp ro p io n io  a o id  as  
c o lo u r le s s  p l a t e s ,  m.p* 92-92.5°* (Found: C, 76.8$ H, 8.25* Calo* f o r
C15H20°2: C> 77 ’75S H> 8-7^ ‘
0 0  With Sodium n-Butoxide
To a s o lu t io n  o f sodium n-^butoxide, p rep a red  from  sodium (0*41 g* ,
0*0178 g .«atom )and d ry  n«butano l (7 m l . ) ,  d ie th y l  m alonate (2 .8 2  g . , 0*0176
m ole) was added w ith  shak ing  and th e  s o lu t io n  was g e n tly  warmed f o r  2-3
m inutes* C hlorocyclohexylphenylm ethane (2*45 g* , 0 .0118 mole) was added
w ith  s w ir lin g  and th e  m ix ture  was h ea ted  u n der r e f lu x  f o r  13 h o u rs , and
th en  k e p t a t  75° f o r  24 h o u rs . Sodium hydroxide s o lu t io n  (6 g* in  10 ml.
o f w a te r)  was added to  th e  coo led  r e a c t io n  m ix tu re  w hich was then  h ea ted
under r e f lu x  f o r  2 h o u rs . The s o lu t io n  was d i lu te d  w ith  w a te r (15 m l.)
and th e  n«bu tano l was removed under reduced  p re s s u re .  The m ix tu re  was coo led
and washed w ith  e th e r  (3 x  30 m l .) .  The aqueous l a y e r  was a c id i f i e d  w ith
d i lu te  h y d ro c h lo ric  a c id ,  and was e x tr a c te d  w ith  e th e r  (3 x  25, 2 x  10 m l .) .
The combined e th e r e a l  e x t r a c ts  were washed w ith  w a te r (3  x  10 m l.)  and d r ie d
(Na^SO^). Removal o f th e  so lv e n t gave a brown s o l id  m .p. 85-86° (decomp).
The s o l id  was h ea ted  in  an o i l  b a th  a t  170-180° un d er reduced  p re s su re  ( l  mm.)
f o r  ijp h o u rs . The l i g h t  brown p ro d u c t (0 .4 5  g*, 16$) had m .p. 78 -82°.
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(o) With Sodium Ethoxide in  the Presence of N,N~Dimethylformamide
A s o lu tio n  o f sodium e th o x id e  [p re p a re d  from sodium w ire  (0 .2 3  g . ,
0*01 g .-a to m ) and a b so lu te  e th a n o l (3 m l#)]* d ie th y l  m alonate (3*2 g . ,
0 .02  m o le ), chlorocycloheDqylphenylmethane ( 2,08 g . , 0 .01  mole) and 
N,N«»dimethylformamide (1  m l.)  was h ea ted  under r e f lu x  f o r  22 hours and then  
k ep t a t  75° f o r  36 hours w ith  o c c a s io n a l shak ing . An aqueous s o lu t io n  o f 
sodium hydroxide (6 g . in  10 m l. o f w a te r)  was added and th e  r e a c t io n  m ix tu re  
was h ea ted  under r e f lu x  f o r  2 h o u rs . The r e a c t io n  m ix tu re  was worked up 
e s s e n t i a l l y  a s  d e sc r ib e d  un d er ( b ) ;  th e  r e s u l t in g  s u b s t i tu te d  m alonic 
a c id  had m .p. 133«134° (w ith  e f fe rv e s c e n c e ) ,  (mixed m .p. w ith  m alonic 
a c id  128“128 .5°) . The p ro d u c t was h ea ted  in  an o i l  b a th  to  170-173° under 
a p re s su re  o f 0 .1  mm., and t h i s  tem p era tu re  was m a in ta in ed  f o r  1 hour. 
D i s t i l l a t i o n  o f th e  p ro d u c t gave a c o lo u r le s s  s o l id  (0 .3 8  g , , lS%)9 b .p .  
1 7 5 ° /0 .1  mm., m .p. 97*5°* R e c r y s ta l l iz a t io n  o f th e  s o l id  from l i g h t
pe tro leum  (b .p .  4 0 -6 0 °) gave P-cyclohe3cy l«p -pheny lp rop ion ic  a c id ,  m .p.
97*5°, a s  c o lo u r le s s  p l a t e s .  (Found: C, 77*25; H, 8 .5 5 . C alc , f o r
C15H20°2 : C’ 77-755 H* 8-7^ )#
( iv )  Preparation o f Methyl( * ) ft-C yolohexyl-p-hydi^oay-p-phenylpropionate
The p-hydroxy-aci& was prepared by the Reformatsky rea c tio n  from 
eth y l bromoacetate (4*2 m l., 0*0375 m ole), cycloh exyl phenyl ketone (7 .0 5  g*,
0-0375 mole) and z in c  (4 .91  g#, 0 .075 g .-a tom ) in  b e n z e n e :e th e r  (40 m l.s 40nuJ, 
u n d er s tan d a rd  c o n d itio n s  [ see S e c tio n  VI -  2 ( i ) ] .  (~)H3«J^dro:xy«P«
cy clo h ex y l-P -p h en y lp ro p io n ic  a c id  (8 .8  g . , 95$)» m .p. 175-175.5°> was 
o b ta in e d .
T o lu en e-p -su lphony lm etby ln itro sam ide  (2 .1 4  g . , 0 .01  mole) was 
d is so lv e d  in  e th e r  (30 m l.)  and th e  s o lu t io n  was co o led  in  an i c e / s a l t  b a th .
A s o lu t io n  o f po tassium  hydroxide ( 0 .4  g . )  in  90$ e th a n o l (10 m l.)  was 
added. The r e a c t io n  m ix tu re  was k e p t f o r  3 m inutes a t  room te m p e ra tu re , 
and th en  d i s t i l l e d .  The ic e - c o ld  e th e r e a l  s o lu t io n  o f diazom ethane was 
c o l le c te d  and was added drop-w ise to  a co o led  s o lu t io n  o f 
P -cy c lo h ex y l^ ^ h y d ro x y -^ -p h en y lp ro p io n ic  a c id  (1 .2 5  g . j 0.005 mole) in  
e th e r  (50 m l .) w ith  s w ir l in g . The s o lu t io n  was k e p t a t  room tem p era tu re  
f o r  two hou rs . Removal o f th e  so lv e n t under reduced  p re s su re  gave a s o l id  
(1 .3 1  g*> 100$). R e c r y s ta l l iz a t io n  from l i g h t  pe tro leu m  ( b .p .  40 -6 0 °) gave 
m e t h y l (^)~ ft~cyclohexyl-p-hydroxy-a-phenylpropionate  a s  c o lo u r le s s  n e e d le s , 
m .p. 8 3 .5 -  89° (Round: C, 73 .2 5 ; H, 8 . 3 . ^ ^ 22°  3 re (3?l i r e s  C,73*25;
H, 8 .4 5 $ ) .
(v )  Attemp te d  Iftrdrogenolysis o f g°Cyolohe:xyl~3~hydroxy~g~phenylpropionio 
A cid
(a )  W ith Raney N ick el in  E thanol
p -C y c lo h exy l-p -hydroxy-p -pheny lp rop ion ic  a c id  (0 .4 0  g . ,  0-0016 mole)
and Raney n ic k e l  (c a . 2 g . )  in  a b so lu te  e th a n o l (10 m l.)  were h ea ted  under 
*
B.D.H. ( s t a b i l i s e d ) .
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r e f lu x  f o r  3 h o u rs . The c a t a ly s t  was f i l t e r e d  o f f  u n der g r a v i ty ,  and 
washed w e ll w ith  a lc o h o l . The combined w ashings and m other l iq u o r  were 
c o n c e n tra te d  to  g ive  a  s o l id  (0 .397  g*) m .p. 172 -  173° w hich was undepressed  
on adm ixture w ith  an a u th e n t ic  sample o f p -cyc lohexy l-p -hydroxy-jS -pheny l- 
p ro p io n ic  a c id .
(b ) With Raney N ickel in  r.--»Butanol
Raney n ic k e l  (c a . 2 g . )  and (3 -  eye 1 o hexyl~{3 -  hy d r  oxy-(3 «p he ny lp  r  op i  onic 
a c id  (0 .248 g . ,  0-001 mole) in  n -b u ta n o l (15 m l.)  were h ea ted  u n d er r e f lu x  
f o r  19 h o u rs . The r e a c t io n  m ix tu re  was worked up a s  in  ( a ) .  On removal 
o f th e  so lv e n t u n d er reduced  p re s su re  a  non«viscous green  o i l ,  w hich cou ld  
n o t be induced  to  s o l id i f y ,  rem ained . This o i l  was n o t in v e s t ig a te d  f u r th e r .
(o )  With Raney N ickel A llo y  in  Aqueous Sodium Hydroxide
To a s o lu t io n  of th e  (3~bydroxy a c id  (0 .251  g . , 0 .001 m ole) in  10$ 
sodium hydroxide s o lu tio n  (15 m l.)  a t  90° was added Raney n ic k e l  a l lo y  
(1 .002  g . ) ,o v e r  40 m in u tes , w ith  v ig o ro u s s t i r r i n g .  The r e a c t io n  m ix ture  
was s t i r r e d  a t  90° f o r  7 h o u rs . The c a ta ly s t  v/as f i l t e r e d  o f f  from th e  
warm s o lu tio n  and v/ashed w e ll w ith  w a te r . The combined m other l iq u o r  and 
w ashings were added to  an excess o f d i lu te  ty d ro c h lo r ic  a c id  w ith  s t i r r i n g .  
The p r e c ip i t a t e  (0 .2 3  g . )  o f unchanged p-bydroxy«acid  had m .p. 175 -  1 7 5 .5 ° .
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(v i )  Attempted ffidrogenolysiB  o f Metb y l-p -C yolohexyl-3  
phenylpropionate
A. W ith Raney N ick e l in  E thano l 
(a )  In „ B o ilin g  E thano l 
M ethyl p~<^clohexyl«p-hydroxy«(3«phenylpropionate (0 .262 g . ,  0 .001 mole) 
in  a b so lu te  e th a n o l was h ea ted  under r e f lu x  in  th e  p re sen ce  o f Raney n ic k e l  
(c a . 2 .5  g . )  f o r  11 h o u rs . The c a t a ly s t  was removed by f i l t r a t i o n  and th e  
so lv e n t was d i s t i l l e d  o f f  under reduced  p re s s u re . The e s t e r  was hyd ro lysed  
by r e f lu x in g  i t  w ith  2*5N-potassium  hydroxide ( l  m l.)  and a lc o h o l (4  m l.)  
f o r  2 h o u rs . l i f t e r  a d d i t io n  o f w a te r  (5  m l . ) ,  th e  a lc o h o l was removed by 
d i s t i l l a t i o n  u n der reduced  p re s s u re . The s o lu t io n  was co o led , and on 
a c id i f i c a t i o n  w ith  d i lu te  h y d ro ch lo ric  a c id  y ie ld e d  a c o lo u r le s s  p r e c ip i t a t e  
(0 .2 4 4  g .)*  m .p. 172 ~ 173°> which was un d ep ressed  by  an a u th e n t ic  sample 
o f p -cy c lo h ex y l-p -h y d ro x y -p -p h en y lp ro p io n ic  a c id .
In  a s im i la r  experim ent when th e  p e r io d  of r e f lu x  was 17 hours 
in s te a d  o f 11 hours no re a c t io n  o ccu rred .
0 3) At Room Tem perature in  an  Atmosphere o f ffydrogen 
A suspension  o f Raney n ic k e l  (c a . 2 .5  g . ) in  a  s o lu t io n  o f th e  m ethyl 
e s t e r  ( 0 .264 g . ,  0 .001 mole) in  e th a n o l (25 m l.)  was shaken under hydrogen 
a t  room tem p era tu re  and a t  a tm ospheric  p re s su re  u n t i l  a b so rp tio n  o f gas
was com plete (122 m l.; 5:§ h o u rs ) . The c a ta ly s t  was f i l t e r e d  o f f ;  th e  
m other l iq u o r  was worked up and th e  e s t e r  was hyd ro lysed  a s  d e sc rib e d  
under ( a ) .  (3 «0y c l  ohexyl-|3 ~hy d r  oxy«(3«phenylpropionic a c id  (0 .2 0  go) m»p3 >
and mixed m0y u , 174° > was o b ta in e d .
( ° )  1^ 1 B o ilin g  E th an o l w ith  A ctivated . Raney N ickel
A su spension  of Raney n ic k e l  (c a . 2 .5  g .)  in  e th a n o l (10 m l.)  was 
shaken in  an atm osphere o f hydrogen a t  room tem p era tu re  and a t  a tm ospheric  
p re s su re  u n t i l  a b so rp tio n  o f gas was com plete. (59 m l. o f hydrogen was 
abso rbed  in  57 m in u te s ) . M ethyl p~cyclohexyl~p«hydro:Ky«p«phenylpropionat3 
(0 .265 g . s 0 .001 mole) was added, and th e  m ix tu re  was h ea ted  under r e f lu x  
f o r  28 h o u rs . The re a c t io n  m ix ture  was worked up and th e  e s t e r  was 
hyd ro lysed  a s  d e sc r ib e d  p re v io u s ly . p«Cyclohexyl°p«hydroxy~(3=»phenylpropionic 
a c id  (0 .241  g .)*  m .p. and mixed m .p. 173°-174°, was o b ta in e d .
(a )  W ith  H eating and un d er P re ssu re
A s o lu t io n  o f m ethyl p-cyclohe:xyl~p-hydroxy“ j3~phenylpropionate 
( 0 .265 g . , 0 .001 mole) in  e th a n o l (50 m l.)  was shaken in  an atm osphere of 
hydrogen f o r  6 hours in  th e  p re sen ce  o f Raney n ic k e l  c a ta ly s t  (c a .  2 g . ); 
the  te m p e ra tu re , a f t e r  1 hou r, was 68° w ith  a co rre sp o n d in g  p re s su re  o f 
114 a tm ., and th e  maximum tem peratu re  was 85° w ith  a  co rresp o n d in g  p re s su re  
o f 120 atm . The c a t a ly s t  was removed by f i l t r a t i o n .  The re a c t io n  m ix ture
was worked up and h y d ro lysed  a s  u s u a l;  p -oyc lo h ex y l-p -b y d ro x y -p -p h en y lp ro "  
p io n ic  a c id  (0 .193  g* ) m .p. 173 -  173°5° was i s o la t e d .
In  a s im i la r  experim ent perform ed a t  a  maximum te m p e ra tu re  o f 154° 
and a t  a maximum p re s su re  o f 132 a tm ospheres, no h y d ro g eno lysis  o c cu rred .
B_. W ith P allad ium  C harcoal in  E th an o l
(a )  A t Room Tem perature in  an Atmosphere o f hjydrogen
A s o lu t io n  o f m ethyl p«cyolohexyl~p«hydroxy~(3~phenylpropionate 
(0 .265 g . 9 0*001 mole) in  a b so lu te  e th a n o l (30 m l.)  was shaken u n d er hydrogen 
w ith  p a llad iu m  c h a rc o a l (a  m ix ture  o f 0 .76  g . 5$. and 0 .76  g. 10$) u n t i l  
a b so rp tio n  o f gas was com plete. (23 m l. o f hydrogen was absorbed  in  6 h o u rs ) . 
The c a t a ly s t  was removed by f i l t r a t i o n  and th e  r e a c t io n  m ix ture  was worked 
up a s  u s u a l .  p -C y c lo h esy l-p -h y d ro x y -p -p h en y lp ro p io n io  a c id  (0 .217  g . ) ,  
m .p. and mixed m .p. 171 -  172°, was o b ta in e d .
(b ) In  B o ilin g  E thano l
M ethyl B«cyclohexyl~j3«hydroxy~!3~phenylpropionate (0 .2 9 4  g . , 0 .001 mole) 
in  a b so lu te  e th a n o l (10 m l.)  was h ea ted  under r e f lu x  in  th e  p resen ce  o f 
p a llad iu m  c h a rco a l (a  m ix tu re  o f 0 .75  g* 5$* and 0 .76  g . 10$) f o r  10 h o u rs .
The re a c t io n  m ix tu re  was worked up as  u s u a l .  (3-Cycl0hexyl*=p~bydroxy-p-
p h en y lp ro p io n ic  a c id  (Q .2 5 7 g .) m .p. 175 -  176°, was o b ta in e d .
4 . ATTEMPTED DETERMINATION OR THE ABSOLUTS CONFIGURATION 
OF p-HYDROXY-p-PEmL-p-(2-TOLYL)-PROPIOin:C ACID
( i )  P re p a ra tio n  o f ( - ) -E th y lp h e n y lca rb in o l
A s o lu t io n  o f benzaldehyde (4 2 .4  g» ? 0 .0 4  m ole) in  e th e r  (lOO ml*) was 
added d u rin g  2 hou rs to  an ic e -c o o le d  G rignard  re a g en t p rep a red  from e th y l 
bromide (36 .3  m l. ,  0 .5  m ole) and magnesium (1 2 .2  g . , O.p g .-a to m ) in  e th e r  
(200 m l .) .  The m ix ture  was h ea ted  under r e f lu x  f o r  30 m in u tes , was k e p t a t  
room tem p era tu re  f o r  90 m inu tes and v/as th en  poured on to  ic e  (50 g . )  and 
2 .5N-hydr0c h lo r ic  a c id  (100 m l .) .  The aqueous la y e r  was e x tra c te d  w ith  
e th e r  (3 x 50 m l .) ,  and th e  combined e th e r e a l  s o lu t io n s  were washed w ith  
w a te r (3 x 40 m l.)  and d r ie d  (Na^SO^). D i s t i l l a t i o n  gave e th y lp h e n y lc a rb in o l
(3 7 .9  g-» 7< $), b .p .  1 0 2 ° /l4  mm., n^5 1 .5237.
( i i )  R eso lu tio n  o f  E th y lp h en y lca rb in o l 
P re lim in a ry  Experim ents
E quim olecu lar p ro p o r tio n s  of th e  hydrogen s u c c in a te , o r the  hydrogen 
p h th a la te  and b ru c in e  were d is so lv e d  in  v a r io u s  s o lv e n ts . No c r y s ta l l in e  
s a l t  separated*  Removal o f the  so lv en t under reduced  p re ssu re  gave a 
v isco u s  o i l ,  which on p ro longed  su b je c tio n  to  a vacuum, gave a s o l id  (g la s s )  
[m .p. 101-102° (from hydrogen su c c in a te ) ;  m .p. 104-106° (from hydrogen 
p h th a la te ) ]  which d is so lv e d  r e a d i ly ,  in  th e  c o ld , in  tra c e  amounts o f any 
o f a wide range o f s o lv e n ts .
A c r y s t a l l i n e  a lk a lo id a l  s a l t ,  m .p. 160-161°, was d e p o s ite d  from an
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ace tone  s o lu tio n  o f the hydrogen p h th a la te  and s try c h n in e . The s a l t  could  he 
r e c r y s t a l l i z e d  from m ethanol o r a ce to n e . M ethanol was used  fo r  th e  la rg e  
s c a le  r e s o lu t io n .
Prepar a t i o n of th e  Hydrogen P h th a la te  o f Ethylp h e n y lca rb in o l
A m ix ture  o f p h tk a lic  anhydride (148 g«? 1*0 mole) and p y rid in e  (87 m l.)
was h e a te d  011 a steam b a th  f o r  1 hour, when alm ost com plete s o lu t io n  was
o b ta in e d . E th y lp h en y lca rb in o l (136 g . , 1 .0  mole) was added and h e a tin g  was
co n tin u ed  f o r  2g- h o u rs , w ith  o cca s io n a l shak ing . The re a c t io n  m ixture was
k e p t o v e rn ig h t and was th e n  poured on to  ic e  (300 g . )  and 3N -hydrochlor.ic
a c id  ( 25O m l.)  w ith  v ig o ro u s s t i r r i n g .  The s o lu t io n  was e x tra c te d  w ith
e th e r  (3 x 150, 2 x 100 m l.)  and th e  combined e x t r a c ts  were washed
su c c e ss iv e ly  w ith  ic e - c o ld  lN -h y d ro ch lo ric  a c id  (6 x 5C m l.)  and w ater
(3 x 50 m l . ) .  The e th e r e a l  s o lu tio n  was e x tra c te d  w ith  a s a tu r a te d  s o lu t io n
o f sodium carb o n ate  (6 x 100 m l.) ;  a s o l id  r a p id ly  s e p a ra te d  from th e
a lk a l in e  e x tr a c t  which was a llow ed to  s tan d  o v e rn ig h t. The s o l id  (S o lid  A -
see below) (281 g . ) ,  m.p. 52 . 5 °? was d is so lv e d  i n  w a te r; ic e  (300 g . ) was
added, and th e  s o lu tio n  was a c id i f ie d  w ith  2 .5N -hydroch lo ric  a c id . The
v isco u s  o i l  w hich s e p a ra te d  was e x tra c te d  w ith  chloroform  (3 x 200, 2 x
The combined ch loroform  e x t r a c t s  were washed w ith  w ater (3 x 50 m l.)  and
d r ie d  (NaJSSO.). Removal o f  the  ch loroform , f i n a l l y  under reduced  p re s su re , 
c. 4
gave a v isco u s  o i l  w hich, when t r i t u r a t e d  w ith  a sm all amount o f l i g h t  
pe tro leum  (b .p . 6 0 -8 0 °), gave the  s o l id  hydrogen p h th a la te  (144 g *9 5 i$ )  
m .p. 65 . 5- 66° . (Pounds M, 283. C alc, f o r  M, 284) .
( i )  R e c r y s ta l l iz a t io n  from 10$ aqueous ace tones p roduct had m .p. 52 .5° 
r e s o l i d i f i e d  a t  about 120°, and did n o t rem elt below 34-0° «
( i i )  L assa igne  sodium fu s io n s  n itro g e n  and halogen a b se n t.
( i i i )  Heat on a c ru c ib le  l id s  w hite  re s id u e  which gave a p r e c ip i t a t e  
w ith  z in c  u ra n y l a c e ta te .
( iv )  Hydroxamic a c id  t e s t s  p o s i t iv e .
(v) A c id i f ic a t io n  o f an aqueous so lu tio n s  v isco u s  o i l  which slow ly  
s o l id i f i e d .
A specimen o f th e  s o l id  A was d r ie d  under vacuum, over phosphorous 
pen tox ide  and p a r a f f in  wax, to  c o n s ta n t w e ig h t. The d r ie d  sample d id  n o t 
m e lt below 300°. (pounds C, 65*6; H, 4*6; Na, 7*7$)* A specimen which 
was d r ie d  im m ediately  be fo re  be in g  an a ly sed  had th e  fo llo w in g  percen tag e  
com positions C, 66 .1 ; H, 4 -7 1 7*8$. Na r e q u ir e s ;  C, 66.65;
H, 4*95? Na, 7*5$*
Prom th e se  o b se rv a tio n s  i t  seemed th a t  th e  s o l id  A was p robab ly  th e  
h y d ra ted  sodium s a l t  o f th e  hydrogen p h th a la te  o f e th y lp h e n y lc a rb in o l.
The w eight lo s s  oh d ry in g  corresponded  to  f iv e  m olecules of w a te r  o f 
c ry  s t  a l  1 i  z a t  i  on.
S trychn ine  G alt o f  th e  Hydrogen P h th a la te  o f E th y lp h en y lca rb in o l
S try ch n in e  (110 .3  g . , 0 .33  mole) was added to  a h o t s o lu t io n  o f the  
hydrogen p h th a la te  o f e th y lp h e n y lc a rb in o l (93*8 g . , 0 .33  m ole) in  dry  ace to n
(300 m l.)  (a  sm all amount o f th e  a lk a lo id  d id  no t d is so lv e  even on b e in g  
h e a te d  o r  on th e  a d d it io n  o f more s o lv e n t) .  On a d d it io n  o f h o t acetone 
( 2,500 m l.)  a f lo c c u le n t  p r e c ip i ta te  s e p a ra te d  which d id  no t d is so lv e  on 
a d d itio n  o f more so lv en t (500 m l.)  and on h e a tin g . The s o l id  (34*5 )
( s try c h n in e )  was c o l le c te d .  The mother l iq u o r  was s e t  a s id e  to  c o o l, and 
r o s e t t e s  o f n eed le  shaped c r y s ta l s  (33 g*) s e p a ra te d , m .p. 170. 5~171°5 [a ]  
-3 4 .8 °  (c  5*04 in  ch lo ro fo rm ). T his s a l t  was f r a c t i o n a l ly  r e c r y s t a l l i z e d  
from m ethanol to  c o n s ta n t r o ta t io n  [a ]  - 40*7 ° (c, 5*02 in  ch lo ro fo rm ), m .p.
1 7 8 .5 - j.790.
'The o r ig in a l  m other l iq u o r  was c o n c e n tra te d  and f u r th e r  c rops o f 
c r y s ta l s  were o b ta in ed  and f r a c t io n a l ly  r e c r y s t a l l i z e d  from m ethanol.
D ecom position o f  A lk a lo id  S a l t s  to  O p tic a l ly  A ctive Hydrogen P h th a la te s
A heterogeneous m ix ture  o f the  s try c h n in e  s a l t  in  m ethanol was added to  
an excess o f 2N-ammonium h ydrox ide . The m ix ture  was k e p t f o r  1 hour w ith  
in te r m i t te n t  v ig o ro u s s t i r r i n g .  The s o l id  was c o l le c te d  and washed w ith  
IN-ammonium hydroxide and w a te r . The w ashings and m other l iq u o r  were 
combined and ic e  was added. The m ix ture  was a c id i f i e d  w ith  ic e -c o ld  
IN -h y d ro ch lo ric  a c id  and e x tra c te d  w ith  e th e r  (5 tim e s ) . The combined 
e x t r a c t s  were wa,shed w ith  w a te r ( t h r i c e ) ,  and d r ie d  (Na^SO^). Removal o f the  
s o lv e n t , f i n a l l y  under reduced  p re s su re , gave th e  o p t ic a l ly  a c t iv e  hydrogen 
p h th a la te s  as o i l s .
The hydrogen p h th a la te  from the  most a c tiv e  a lk a lo id a l  s a l t  had [a ]
-2 7 .7 °  (£  6 .29  i a  ch lo ro fo rm ).
H ydro lysis  o f  O p tic a l ly  A ctive Hydrogen P h th a la te s
The hydrogen p h th a la te  was added w ith  shaking  to  a s o lu tio n  o f sodium 
e th ox ide  in  e th a n o l; a w hite  sludge form ed. The m ix ture  was h e a te d  under 
r e f lu x  on a steam  h a th  f o r  15 m inu tes . W ater was added to  th e  coo led  
r e a c t io n  m ix tu re  which was th e n  e x tra c te d  w ith  e th e r  (5 tim es) and the  
combined o rg an ic  e x t r a c ts  were washed w ith  w a ter (tv /ice ) and d r ie d  (Na^SO^). 
Removal o f th e  s o lv e n t , f i n a l l y  under reduced  p re s su re , gave 
( - ) -e th y lp h e n y lc a rb in o l  (3*2 g . ); i t  had 1 .5181, a - 28.4 °  (homogeneous),
[ a ]  - 58*1° (c. 2.66 in  e th e r ) .  .
( i i i )  A ttem pted P re p a ra tio n  o f 1 -P henylpropyl T o lu ene-p -su lphonate
E th y lp h en y lc a rb in o l (5*44 g *9 0 .0 4  m ole) was d is so lv e d  in  dry 
p y rid in e  (30 m l.)  and the  s o lu tio n  was coo led  to  0 ° . Toluene-j?-sulphonyl 
c h lo r id e  (7*6 g . , O.O4 mole) was added w ith  s w ir l in g . The s o lu t io n  was 
k e p t o v e rn ig h t in  th e  r e f r i g e r a t o r ,  when a deep re d  c o lo u ra tio n  developed. 
A f te r  a llo w in g  th e  s o lu tio n  to  warm up to  room te m p e ra tu re , i t  was poured 
onto  ic e  (20 g . )  and 2N -su lphuric  a c id  ( 25O m l .) .  The s o lu t io n  was ra p id ly  
e x tra c te d  w ith  e th e r  (3 x 50? 2 x 20 m l.)  and th e  combined o rgan ic  
s o lu t io n s  were su c c e s s iv e ly  washed w ith  ic e - c o ld  2N ~sulphuric a c id  
(5 x 30 m l . ) ,  w a ter (3 x 30 m l .) ,  5$ aqueous sodium carb o n ate  (3 x  30 m l .) ,  
and w a te r (4 x 40 m l .) ,  and d r ie d  (Na^SO^). Removal o f th e  so lv e n t unde:? 
vacuum a t  room tem p era tu re  gave a t r a c e  o f o i l  w ith  an odour resem bling  
th a t  o f th e  o r ig in a l  a lc o h o l .
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( iv )  P re p a ra tio n  o f T o lu en e -p -su lp h in y l C hloride
(a )  Prom T oluene-jD -sulphinic Acid
An aqueous s o lu t io n  o f sodium to lu en e -]> -su lp h in a te  was a c id i f i e d  w ith  
2 .511-hydro c h lo r ic  a c id .  Toluene-]D- su lp h in ic  a c id  (A) m .p. 84. 5 ° was o b ta in e d . 
When su lp h u ric  a c id  v/as used  in s te a d  o f h y d ro c h lo ric  a c id , th e  toluene-qn- 
su lp h in ic  a c id  (b ) had m .p. 80°.
Thionyl c h lo r id e  (O.42 m l.)  was added w ith  a g i ta t io n  to  a su spension  
o f to lu e n e -j3- s u lp h in ic  a c id  (B) (0 .8 2  g . ,  O.OO52 mole) in  e th e r  (8  m l . ) .
7/hen a l l  th e  a c id  had d is so lv e d , th e  s o lu tio n  was warmed g e n tly  on a steam 
b a th  u n t i l  e v o lu tio n  of gas ceased . The excess  th io n y l c h lo r id e  was removed 
under reduced  p re s su re . L ig h t petro leum  (b .p .  40-60°) (20 m l.)  was added 
to  th e  re s id u e  and th e  o p a le sc e n t s o lu tio n  was f i l t e r e d .  Removal o f th e  
s o lv e n t , a t  room tem p era tu re  under reduced  ixressure gave to luene-jo—su lp h in y l 
c h lo r id e  (O .I46 g . , 16$) as  a v isco u s  o i l .
T oluene-jD -sulphinic a c id  (7*0 g . , 0 .0449 m ole) was added to  a s o lu tio n  
o f  th io n y l c h lo r id e  ( 3 .6  m l.)  in  e th e r  ( l  m l . ) .  The re a c t io n  m ix ture  was 
worked up a s  b e fo re . The to lu e n e -]^ s u lp h in y l c h lo r id e  r a p id ly  decomposed in  
th e  f i n a l  s tag e  o f th e  r e a c t io n .
(b ) Prom Sodium Toluene-p_-sulphinate D ihydrate
Powdered to lu e n e -n -s u lp h in a te  d ih y d ra te  (2 .7  g» ? 0.0125 m ole) was 
added p o rtio n w ise  to  co ld  th io n y l c h lo r id e  (4*5 m l . ) .  A v ig o ro u s  e v o lu tio n  
o f  g as o ccu rred , and the  r e a c t io n  m ix ture  v/as k e p t a t  room tem peratu re  f o r
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l | r  h o u rs . The excess th io n y l c h lo r id e  was d i s t i l l e d  o f f  under reduced  
p re s s u re , below 45°« E th e r (3 x 20 ml#) was added and the  so lv en t was tw ice 
removed under reduced  p ressu re .. The suspended sodium c h lo r id e  was f i l t e r e d  
o f f  and removal o f the  e th e r  from th e  m other l iq u o r  gave to lu en e -j> -su lp h in y l 
c h lo r id e  (1 .83, g . , 84$) as  a v isco u s  o i l .  The p ro d u c t decomposed on keep in g .
(v ) A ttem pted P re p a ra tio n  o f 1-P henylpropyl T o lu en e -^ -su lp h in a te
I ■■■ I » ■»—  ■ IW I- l  —  l . —    —  .  1 »  I ■ ! ■  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ■ ! ■ ■ ■ —  . . . . . . . . . . . . . . . . . . . .  I I  j g l t , W V l l l             ■ M . ■■
T oluene-jD -sulphinyl c h lo r id e  [p rep a red  as  in  ( b ) ]  (1 .8 0  g . , 0 .0103 m ole) 
i n  dry  e th e r  (5 m l.)  was slow ly  added w ith  shaking  to  e th y lp h e n y lc a rb in o l 
( 1 .36  g . , 0 .01  m ole) in  p y rid in e  (0 .9  ^ 1 .)  a t  0 ° , The r e a c t io n  m ix ture  was 
d i lu te d  w ith  e th e r  (3 m l.)  and ?;as k e p t in  th e  r e f r i g e r a t o r  o v e rn ig h t.
E th e r (50 m l.)  was added and th e  e th e r e a l  s o lu tio n  was washed w ith  ic e - c o ld ,
1E -h y d ro ch lo ric  a c id  (3 x 20 m l .) ,  w a ter (3 x 20 m l .) ,  2$ sodium b ic a rb o n a te  
s o lu t io n  (3 x 20 m l . ) ,  w a ter (3 x 10 m l.)  and d r ie d  (Ea^SO^). Eemoval o f  
th e  so lv e n t under reduced  p re s su re  a t  room tem p era tu re  gave an o i l  
(1 .51  g « ) and a few c r y s t a l s .  The c r y s ta l s  cou ld  n o t be s e p a ra te d  from the  
o i l ,  n o r cou ld  th e  o i l  be induced  to  c r y s t a l l i z e .
( v i )  P re p a ra tio n  o f 1 -C h lo ro -l-pheny lp ropane
E th y lp h en y lc a rb in o l (13*6 g . , 0 ,01  m ole) was added dropw ise to  th io n y l 
c h lo r id e  ( l8 .1  m l.)  over 1 hour. The r e a c t io n  m ix tu re  was k e p t a t  room 
tem p era tu re  f o r  2 hours w ith  o ccas io n a l shak ing . The ex cess  th io n y l 
c h lo r id e  was removed under reduced  p re s su re . D i s t i l l a t i o n  o f th e  re s id u e
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gave 1-c h lo ro - l-p h e n y lp ro p a n e  (9°97 g.-j 65$), "b«P- 7 7 ° /l3  mm., n^p 1.5198* 
(Pounds C, 7 0 .0§ H, 7*1? C l, 22 .9 . C alc, fo r  C B ^C ls  C, 69. 9? H,
7.155 C l, 22. 9%).
( v i i )  A ttem pted W u r tz -F it t ig  S y n th es is  o f l-P h e n y l- l- (c > -to ly l)-p ro p a n e
I n te r a c t io n  o f n-T oly lsodium  and 1-C h lo ro -l-p h en y lp ro p an e  
(a )  ( o,-To l y l  sodium p rep a red  from o_-chlorotoluene and sodium)
P re p a ra tio n  o f je-Tolylsodium s
jo-C hloro to luene (2 .5 2  g . , 0 .02  mole) was added dropwis© to  a r a p id ly  
s t i r r e d  suspension  o f  sodium (O.92 g . , 0 .0 4  g .-a to m ) in  r e f lu x in g  l ig h t  
petro leum  (8 m l.)  ( f r a c t io n  b .p . 34- 35°9 c o l le c te d  from d i s t i l l a t i o n  o f 
com m ercially  a v a ila b le  m a te r ia l)  du rin g  -J- hou r. The m ix tu re  was h e a te d  under 
r e f lu x  w ith  ra p id  s t i r r i n g  f o r  3 h o u rs . The b lu e -b la c k  r e a c t io n  m ixture 
was co o led , poured on to  an excess o f  s o l id  carbon d io x id e , w ith  s t i r r i n g ,  
and was k e p t in  a Dev/ar f l a s k  o v e rn ig h t. Ic e -w a te r  (100 m l.)  was c a u tio u s ly  
added and th e  r e s u l t in g  s o lu tio n , which had pH 10-11, was e x tra c te d  w ith  
e th e r  (3 x 40 m l . ) .  The aqueous la y e r  was a c id i f ie d  w ith  d i lu te  h y d ro c h lo ric  
a c id  and was e x tra c te d  w ith  e th e r  (3 x 4C m l.)§  th e  combined e th e re a l  
e x t r a c t s  were washed w ith  w a ter (3 x 10 m l.)  and d r ie d  (Ea^SO^). Removal 
o f  th e  so lv e n t gave a s o l id  (0 .943 g . , 3 5 $ )j m.p. 80-82°. R e c r y s ta l l iz a t io n  
from l i g h t  pe tro leum  (b .p .  60-80°) gave _o-to lu ic  a c id  m .p. 100 .5 -101°. The 
m .p. was no t d ep ressed  when mixed w ith  an a u th e n t ic  specimen o f  o - to lu ic
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a c id .
S im ila r  experim en ts were performed;, bu t u s in g  l i g h t  petroleum ? bop. 
40-50°. R eac tio n  a t  room tem p era tu re  gave a 5i° y ie ld  o f o - to lu ic  acid? 
w hereas when th e  r e a c t io n  was c a r r ie d  out a t  35°? "the a c id  was o b ta in ed  in  
6$ y ie ld .
R eac tio n  w ith  1 -c h lo ro - l-p h e n y l p ropaneg
1 - C hioro-1-phenylpropane (9*30 g. ? 0 .0 6  mole) was added to  
o~tolylsodium ? p rep a red  from jo -ch lo ro to lu en e  (15*18 g . ? 0 .1 2  mole) and sodium 
(5*52 g«, 0 .2 4  g .-a to m ) in  l i g h t  petro leum  (b .p . 34-35°)? over 15 m inutes? 
and th e  m ix ture  was h e a te d  under r e f lu x  fo r  1 hour? when th e  co lo u r o f the  
s o lu tio n  had changed to  brow n-grey. The re a c t io n  m ix ture  was coo led  and 
m ethyl a lco h o l (5 m l.)  and w ater (50 m l.)  v/ere added. The aqueous la y e r  
was e x tr a c te d  w ith  e th e r  (3 x 30? 2 x 20 m l.)  and th e  combined o rg an ic
s o lu tio n s  were washed w ith  w a ter (3 x 10 m l.)  and d r ie d  (Ra^SO^). A fte r
removal o f th e  e th e r  by d i s t i l l a t i o n  a yellov; o i l  (14*43 g*) was o b ta in e d .
On d i s t i l l a t i o n  o f th e  m ix ture  a b lack  b r i t t l e  s o l id  remained? and th re e  
f r a c t io n s  v/ere c o lle c te d ?
( i )  p a le  ye llow  o i l  (5*53 g*)? b .p .  3 6 -4 2 ° /0 .2  mm.? n ^  1 .5353 .
( i i )  p a le  ye llo w  o i l  (1*53 g . )? b .p .  84- 88° / 0 .2  mm.? n jp  1 . 5841*
( i i i )  ye llow  v isco u s  o i l  (1*58 g . )? b .p .  110~114° / 0*2 mm.
F ra c tio n s  ( i )  and ( i i )  bo th  co n ta in ed  c h lo rin e  (L assaigne  t e s t ) .  Re­
d i s t i l l a t i o n  o f f r a c t io n  ( i )  gave fo u r  f r a c t io n s  which were i n i t i a l l y ?  
c o lo u r le s s  2
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28-31° / 0 .1  mm., n^ 7 1.5239 (0 .7 9  &•)•
32-33°/0 .1  nun., n |6 1.5263 (0.33 g . ) .
5 4 ° /0 .4  mm.? I .5284 (2 .6  g . ) .
7 0 ° / l  mm. 5 n^5 I . 562O (0 .79  £•)*
Each o f  th e  f r a c t io n s  ( i ) a  -  ( i ) d ,  in c lu s iv e  c o n ta in ed  c h lo r in e . F ra c tio n s
( i ) a  -  ( i ) c ,  on k eep in g 9 changed from c o lo u r le s s  to  red-brow n liq u id s ?  th e se  
f r a c t io n s  were n o t in v e s t ig a te d  f u r th e r .
F ra c tio n  ( i i )  was d i s t i l l e d s
opr
( i i ) a ? tra c e  of o i l  b .p .  82° / 0 .1  mm.9 n^ 1 . 5631.
( i i ) b ? c o lo u r le s s  o i l  (0 .6  g . ) 3 b .p . l l 0 ° / 2  mm.9 n jp  1 . 5669.
F ra c t io n s  ( i i ) a  and ( i i ) b  co n ta in ed  t r a c e s  o f c h lo r in e . F ra c tio n  ( i i ) b  was
f r a c t io n a l ly  d i s t i l l e d .  Two f r a c t io n s  were c o l le c te d :  the  f i r s t  f r a c t io n
25 25had 1*5702 and was found to  c o n ta in  ch lo rin e?  th e  second had n^ 1.5679?
and gave a n e g a tiv e  t e s t  f o r  c h lo r in e . S u f f ic ie n t  m a te r ia l  was a v a ila b le
on ly  f o r  a n a ly s is  and fo r  G.L.C. s tu d ie s .  The a n a ly s is  r e s u l t s  a re  no t
a v a i la b le  as  th e  a n a ly t ic a l  sample was dropped by an employee o f  th e  Max
P lank  I n s t i t u t e .
L a te r  i t  was p o s s ib le  to  use a Pye Argon Gas Chromatograph to  examine 
th e  p u r i ty  o f th e  hydrocarbon. The g la s s  columns m easuring 4 f t .  x 4 mm.s 
was packed w ith  2^  Apiezon L on 80-100 mesh B.D.H. C e l i te .  The tem p era tu re  
o f th e  column was 175°9 and- th e  flow  r a te  o f argon was 35 m l. p e r m inu te .
The d e te c to r  v o lta g e  v/as 1000 v o l t s  and th e  s e n s i t i v i t y  th roughout x 2? th e
( i ) a ,  b .p .  
( i ) b ,  b .p .  
( i ) c ,  b .p .  
( i ) d ,  b .p .
—140-
c h a r t  speed was 10" p e r hour. The r e te n t io n  tim e o f  th e  main component was 
6 m inutes? im p u r i t ie s  p re se n t had r e te n t io n  tim es o f 2—, 3 ? 5? and 9
m inu tes. The a re a s  o f th e  peaks were e s tim a te d  by th e  method o f "peak 
h e ig h t x w id th  a t  h a l f - h e ig h t" .  This showed th a t  th e  sample co n ta in ed  
approx im ate ly  55$ ° f  main component ( l - p h e n y l- l - ( jo - to ly l) - p ro p a n e ) .
0 3) (jO-Tolyl sodium p rep a red  from n-amyl sodium)
P re p a ra tio n  o f  o - to ly lso d iu m , and re a c t io n  w ith  1 -ch lo ro -1 -pheny lp ropanes
n~Amyl c h lo r id e  (2 .13  g»? 0 .02  mole) was added dropw ise over 15 m inu tes
to  a v ig o ro u s ly  s t i r r e d  m ix tu re  o f sodium ( 0 .9 2  g . , 0 .0 4  g .-a to m ) in  l ig h t
petro leum  (b .p .  34-35°) a t  0 ° . The r e a c t io n  m ixture., which had r a p id ly
3
developed a "b lu e -b lack  c o lo u ra tio n , was kep t a t  0° f o r  — ho u r, and th e n
o_-chlorotoluene (2 .0 6  g . , 0 .16  m ole) was added to  i t  d u rin g  15 m in u tes . The
3
m ix tu re  was m ain ta in ed  a t  0° f o r  a f u r th e r  — hour, and th en  allow ed to  warm 
up to  10°. 1 -C h lo ro -l-p h en y lp ro p an e  (1 .55  g* 9 0 ,01  mole) was added to  i t
over 10 m in u tes , th e  co lo u r o f th e  s o lu tio n  changing to  p a le  g rey . The 
m ix tu re  was s t i r r e d  a t  room tem p era tu re  f o r  20 m inu tes and th e n  h ea ted  under 
r e f lu x  f o r  30 m in u tes . Excess s o l id  carbon d io x id e , m ethanol ( l  m l.)  and 
w a ter (30 m l.)  were added to  th e  r e a c t io n  m ix tu re . The aqueous la y e r  was 
e x tr a c te d  w ith  e th e r  (4  x 30 m l.)  and th e  combined e x t r a c ts  were washed w ith  
w a te r (3 1 5 m l.)  and d r ie d  (Na^SO^). A fte r  removal o f th e  so lv en t a  brown 
o i l  (2 .41  g«) rem ained . The p roduct was d i s t i l l e d  and th re e  f r a c t io n s  were 
c o lle c te d ?
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( i )  b .p ,  2 8 -3 2 ° /l-5  mm., (0 .3 8  g . ) ,  1 . 5011. (c h lo r in e  p r e s e n t ) .
( i i )  b . p . ' 5 6 °/l* 7 5  mm• (^*^5 g«)? 2 .^  1 . 5124,
( i i i )  b .p .  1 3 2 ° /l-7 5  mm, (O.O9 g . ) 9 n jp  1.5141*
Treatm ent o f o_-chloro-to luene and 1 -ch lo ro -l-p h en y lp ro p an e  w ith  sodium
("One-Stage S y n th e s is ” )
A m ix ture  o f o -c h lo ro to lu en e  (6 .3 0  g . , 0 .05 m ole) and 1 -c h lo ro - l-p h e n y l-  
propane (7*73 g«? 0 .05  m ole) -was added dropw ise to  sodium (2 .3  g .?  0 .1  
g .-a tc m ) in  r e f lu x in g  l i g h t  petro leum  (b .p . 34-35°) (20 m l.)  w ith  ra p id  
s t i r r i n g ?  h e a tin g  under r e f lu x  and v ig o rous s t i r r i n g  o f th e  r e a c t io n  m ix ture  
was co n tin u ed  f o r  3 h o u rs . M ethyl a lco h o l (5 m l.)  was added to  th e  coo led  
re a c t io n  m ix tu re , and then  ic e -w a te r  (30 m l.) .  The r e a c t io n  m ix tu re  was 
e x tra c te d  w ith  e th e r  (3 x 30 m l.)  and th e  combined e th e re a l  e x t r a c t s  were 
washed w ith  w a te r  (3 x 5 ml*) and d r ie d  (Ha^SO^). Removal o f th e  e th e r  gave 
a p a le  brown o i l  (7«31 g«) which was f r a c t i o n a l ly  d i s t i l l e d ?  th re e  f r a c t io n s  
were c o lle c te d ?
( i )  b .p .  3 2 -3 3 ° /0 .2  mm. (1 .0 2  g . ) s 1.5376 (c h lo r in e  p re s e n t) .
The l iq u id  tu rn e d  yellow  on keep ing .
( i i )  b .p . 1 1 2 ° /0 .2  m m .(l.8 l g . ) ,  n ^  1.5574? w hich, on keep in g  
o v e rn ig h t, d e p o s ite d  w hite  c r y s ta l s .
( i i i )  a ye llow  v isco u s  o i l  (0 .016  g . ) 5 b .p . 1 2 8 ° /0 .2  mm..
Residue? b la c k  t a r  (4*41 g»)
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F ra c tio n s  ( i )  and ( i i i )  were no t in v e s t ig a te d  f u r th e r .  A f te r  removal o f  the
OC
c r y s ta l s  (0 .5 3  g . ) from f r a c t io n  ( i i ) 5 th e  f i l t r a t e  had 1*5568? i t  cou ld  
no t he induced  to  s o l id i f y .  The c r y s ta l s  (p o s s ib ly  3 ,4~ (iipheny lhexane) had 
m .p. 88- 88 . 25 °9 unchanged by r e c r y s t a l l i z a t i o n  from l i g h t  pe tro leum  (b .p . 
60-80°) (Founds C, 91 . 0 $ H, 9 . 2 . C alc, f o r  C, 90 . 7 s H, 9*3$).
( v i i i )  A ttem pted P re p a ra tio n  o f 1- P h e n y l - l - ( £ - to ly l )-p ropane from 
_q-Tolylmagnesium Bromide and 1- C hioro-1-phenylpropane
Benzene (25 m l.)  was added to  th e  G rignard  re a g e n t p rep a red  from 
£-brom otoluene (13 .68  g. , 0 .0 8  m ole) and magnesium (1 .9 4  g* ? 0 .08  g .-a to m ) 
in  e th e r  (30 m l.) ,  and th e  e th e r  was d i s t i l l e d  from th e  r e a c t io n  m ix tu re . 
1 -C h lo ro -l-p h en y lp ro p an e  (6 .18  g . , 0 .04  mole) in  benzene (10 m l.)  was added 
dropw ise to  the  r e a c t io n  m ix tu re , which had been coo led  to  40° . The re a c tio n  
m ix tu re  was h e a te d  under r e f lu x  f o r  1 h ou r, co o led , and ic e  (5 g . ) and 
2 .5 ^ -h y d ro c h lo ric  a c id  (30 m l.)  was added. The aqueous la y e r  was e x tra c te d  
w ith  e th e r  (3 x 30 m l .) ,  and the  combined o rg an ic  e x t r a c t s  were washed w ith  
w a te r  (3 x 10 m l.)  and d r ie d  (C aC l^). Removal o f th e  so lv e n t y ie ld e d  a 
brown l iq u id  (8 .15  S«) w ith  a p h en o lic  odour. D i s t i l l a t i o n  gave th e  fo llo w ­
in g  f r a c t io n s !
( i )  b .p .  6 6 -6 8 ° /l3  mm., (O .4O g . ) n ^  1.5424*
( i i )  b .p .  8 8 -9 2 ° /l3  mm., (0 .66  g . ) n ^  1.5479*
( i i i )  b .p . I l6 - 1 2 0 ° / l3  mm., (O.67 g . ) 1 .5473.
( iv )  b .p . 1 5 8 - l6 0 ° /l3  ram., (2 .37  g . ) I . 5617.
(v ) b .p .  140° / 0 .15 mm., (0 .23  g . ) n^5 1 .5751.
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A s u b s ta n t ia l  amount o f p o ly m e risa tio n  o ccu rred  d u rin g  d i s t i l l a t i o n .  F rac tio n s
( i i )  and ( i i i )  tu rn e d  re d  on s tan d in g . Only f r a c t io n s  ( iv )  was in v e s t ig a te d  
fu r th e r^  t h i s  f r a c t io n s  which co n ta in ed  t r a c e s  o f h a lo g en 3 was r e d i s t i l l e d  
to  g ive  f r a c t io n s s
( iv ) a  b .p .  120 °/0 .1  mm., (l»43  g*) n ^  I . 56O8 .
( iv )b  b .p . 121°/0 .1  mm.? (0 .2 4  g«) 1.5609*
F ra c tio n  ( iv )b  gave a n e g a tiv e  oest f o r  halogen (Founds C? 91*2? H9 8 .8 . 
^16^18 r e 1u:5-resg  0 ? 91*355 8 .6 $ ) . Gas chrom atographic a n a ly s is  was
c a r r ie d  ou t on f r a c t io n  ( iv )b  as d e sc rib e d  p re v io u s ly  (page 13S)i 'the 
r e te n t io n  tim e o f  l-p h e n y l- l- (_ o - to ly l) -p ro p a n e  was 6 m inu tes and im p u r i t ie s  
p re s e n t had r e te n t io n  tim es o f 1~9 2~? 3^? 4? 12— and 15 m inu tes. From
c o n s id e ra tio n  o f th e  a re a s  of th e  peaks th e  sample was shorn to  co n ta in  
approx im ate ly  70$ o f  l-p h e n y l- l- (o _ - to ly l) -p ro p a n e .
( ix )  I n te r a c t io n  o f  Benzylsodium and 1 -C h lo ro -l-p h en y lp ro p an e  -  P re p a ra tio n
o f 1»2—Diphc nylbutano
Chlorobenzene (2 .25  g *9 0 .02  m ole) was added dropw ise to  sodium 
(O.92 g . ,  0 .0 4  g .-a to m ) in  to lu e n e  (10 m l.)  a t  35° w ith  v ig o ro u s s t i r r i n g .
The s o lu t io n s which developed a b r ic k - r e d  c o lo u ra t io n ? was m ain ta in ed  a t  35° 
f o r  2 hours and was then  h e a te d  under r e f lu x  f o r  35 m in u tes . The r e a c t io n  
m ix tu re  was coo led  to  5° an& 1 -c h lo ro -l-p h en y lp ro p an e  (2 .06  g . ? 0 .013 mole) 
was added d u rin g  20 m in u tes . The tem p era tu re  o f the  r e a c t io n  m ix tu re  was 
r a i s e d  to  35°? was m ain ta in ed  a t  t h a t  tem peratu re  f o r  15 m inutes and was then
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h e a te d  a t  100° fo r  20 m in u tes . Excess s o l id  carbon d io x id e  was added 
p o rtio n w ise  to  th e  coo led  r e a c t io n  m ixture,, which was th e n  t r e a te d  w ith  
m ethanol (5 m l.)  and w ater (30 m l .) .  The aqueous la y e r  was e x tra c te d  w ith  
e th e r  (3 x  30 m l.)  and the  combined e th e r e a l  s o lu t io n s  were washed w ith  w a ter 
( 3 x 5  m l.)  and d r ie d  (Ua^SO^). The so lv e n t was removed by d i s t i l l a t i o n *  
f i n a l l y  under reduced  p ressu re*  and th e  r e s id u a l  v isco u s  brown o i l  ( 2 .18  g . ) 
was f r a c t i o n a l ly  d i s t i l l e d ?
F ra c tio n  ( i ) s  b .p .  9 8 -1 0 2 °/0 .2  mm.* (0 .7 9  g*) 1-5650*
F r a c t io n - ( i i ) s  b .p .  1 0 2 °/0 .2  mm.* (0 .1 2  g«) n^p I . 5698.
R esidues b la c k  t a r  (1 .27  g«)»
From an o th e r experim ent c a r r ie d  ou t under a s im i la r  c o n d itio n  on ly  tracer: o f 
v o l a t i l e  m a te r ia l  were o b ta in e d .
(x ) P re p a ra tio n  o f p -H ydroxy-p-pheny l-p -(io - to ly l ) - p r o p io n ic  Acid
E th y l brom oacetate  (55*7 m l.,  0 .5  m ole) and £-m ethylbenzophenone 
( 98 .O g. * 0 .5  m ole) in  b en ze n e -e th e r (125 ml. s 125 m l.)  was added dropwise 
to  a s t i r r e d  suspension  o f z in c  wool (65 .4  g ° , 1«0 g .-a to m ) in  b en ze n e -e th e r 
(125 m l. s 125 m l.)  over 2g- hours* w ith  g e n tly  warming. The m ixture was 
h e a te d  under r e f lu x  f o r  4 hours and was worked up a s  u s u a l .
{3-H ydroxy-p-phenyl-(3- ( o - to ly l ) - p r o p io n ic  a c id  (88 g . , 69$ ) m .p. 152° (w ith  
foam ing) was o b ta in e d .
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( x i )  R eso lu tio n  o f p-H ydroxy~j3~phenyl-S3-(£-to lyl)-propionic Acid
B rucine S a l t s Anhydrous b ru c in e  (98.5 g« ? 0 .25  mole) was added 
p o rtio n w ise  to  a h o t s o lu t io n  o f p -h y d ro x y -(3 -p h en y l-[3 -(£ -to ly l)-p ro p io n ic  
a c id  (64 g* ? 0 .25  m ole) in  m ethy la ted  s p i r i t s  (3?000 m l .) .  The a lk a lo id  s a l t  
s low ly  c r y s ta l l i z e d .  I t  had m .p. 234-234*5°? [a ]  -41*5° (£  2.50 in  ch lo ro ­
fo rm ). The s a l t  was f r a c t io n a l ly  r e c r y s t a l l i z e d  from m eth y la ted  s p i r i t s  to  
c o n s ta n t ro ta tio n ^  th e  b ru c in e  s a l t  (19 g«) had m .p. 244-245°? [a ]  - 84. 8°
(£  0 .51  in  ch lo ro fo rm ).
The o r ig in a l  m other l iq u o r  was c o n ce n tra te d  and f u r th e r  c rops o f 
c r y s ta l s  were o b ta in e d . These were worked up and f r a c t io n a l ly  r e c r y s ta l l i z e d .  
The most so lu b le  s a l t  (5 g*) had m .p. 220-221°* [ a ]  +57*0° (£  2.51 in  
ch lo ro fo rm ).
Decom position o f B rucine S a l t s A s o lu tio n  o f the  s a l t  in  e th e r  was 
added w ith  s t i r r i n g  to  3H -hydroch loric  a c id  and th e  m ix tu re  was e x tra c te d  
w ith  e th e r  ( t h r i c e ) .  The combined o rg an ic  e x t r a c t s  were washed w ith  
IF -h y d ro c h lo ric  a c id  ( t h r i c e )  when th e  f i n a l  e x t r a c t  was made a lk a l in e  no 
p r e c ip i t a t e  separa ted*  and w ater ( tw ic e ) . The sodium s a l t  o f th e  a c id  was 
e x tr a c te d  from th e  e th e r  w ith  aqueous sodium b ic a rb o n a te  (5 t im e s ) . Ic e  
was added to  th e  a lk a l in e  e x tra c ts *  which on a c id i f i c a t io n  to  pH 1 w ith  
h y d ro c h lo ric  acid* fu rn ish e d  th e  o p t ic a l ly  a c tiv e  a c id  (-)-(3-fcydroxy-(3- 
p h e n y l-p - ( £ - to ly l) - p ro p io n ic  a c id  (8 .4 g*)? m .p. 153-153*5° (w ith  foam ing)^ 
[ a ]  - 152. 8 ° (j3 0 .5  in  a c e to n e ) .
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The d e x tro - r o ta to r y  a c id  (l» 9  g*)? i s o la t e d  from th e  most so lu b le  
b ru c in e  s a l t  had m .p. 151° (w ith  foam ing), [ a ]  +147*4° (o. 2*51 i n acetone).-
( x i i )  P re p a ra tio n  o f M ethyl (l)-ft-H y d ro x y -ft-p h en y l~ (3 -lq -to ly l)-p ro p io n a te
An ic e - c o ld  e th e r e a l  s o lu tio n  o f diazome th a n e , p rep a red  from 
to lu en e -£ -su lp h o n y lm e th y ln itro sam id e  (4*28 g . ,  0 .0 2  mole) was added p o r t io n -  
w ise to  a coo led  s o lu t io n  o f  ( i) - j3 -h y d ro x y -(3 -p h en y l-(3 -(£ -to ly l)-p ro p io n ic  a c id  
( 2 .56  g . , 0 .01 m ole) in  e th e r  (100 m l.)  w ith  a g i t a t io n .  The m ix ture  ?\ras k e p t 
a t  room tem p era tu re  fo r  two hours and th e  so lv e n t was removed under reduced  
p re s s u re . The re s id u e  (2 .68  g . ) , m .p. 83°, was r e c r y s t a l l i z e d  from l i g h t  
pe tro leum  (b .p . 4 0 -6 0 °), and m ethyl |3 -hydroxy-S 3-pheny l-f3 -(£ -to ly l)-p rop ionate  
was o b ta in e d  as ?vrh i t e  n eed le -sh ap ed  c r y s ta l s ,  m .p. 83° (Founds C, 75*55?
H, 6 . 7 . C^EL^gO^ re q u ire s ?  C, 75.551 Hs 6 . 7$ ) .
( x i i i )  R eduction  o f M ethyl p-Bydroxy-p-phenyl-{3—(jo - to ly lJ -p ro p io n a te  to  
1-P h e n y l- 1 - ( o - to ly l ) - p r o p a n - l , 3 -d io l
A s o lu t io n  o f th e  e s t e r  (5*4 g*? 0 .02  mole) in  e th e r  (100 m l.)  was
added dropw ise to  a s lo r r y  o f  li th iu m  aluminium h y dride  ( l .92  g . ,  O.O5O5 mole)
i n  e th e r  (50 m l.)  over *^ hour, w ith  v ig o ro u s s t i r r i n g .  The m ix ture  was
h e a te d  under r e f lu x  f o r  4^  h o u rs . W ater (20 m l.)  and 2 .5 H -su lp h u ric  a c id
(50 m l.)  were added slow ly  w ith  r a p id  s t i r r i n g  to  th e  coo led  re a c t io n  m ix tu re .
The aqueous la y e r  was e x tra c te d  w ith  e th e r  (3 x 50 m l.)  and th e  combined
o rg an ic  e x t r a c t s  were washed w ith  vrater (3 x 20 m l.)  and d r ie d  (FaoS 0 .) .4
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Removal .o f the  so lv e n t gave the  p ro d u c t (4*84 g *) as  an o i l  which on keep ing  
slow ly  s o l id if ie d ^  i t  had m.p. 82 -82 .5°• R e c r y s ta l l iz a t io n  from l i g h t  
pe tro leum  (b .p . 40-60°)-benzene (2 s i )  gave 1 - p h e n y l- l - ^ o - to ly l )-p ro p an -1?
3 -d io l  m. p , 82-82 .5° (Pounds C? 79.3? H? 7 . 6 . C ^H ^O  re q u ire s  C, 79*3?
R? 7*5$). A m ixture o f  the  e s t e r  and th e  d io l  had m.p. 70°.
(x iv )  P re p a ra tio n  o f 3-H ydroxy-3-phenyl-3-(iO -to ly l )-p ro p y l Toluene-p.- 
su lphonate
T oluene-js-sulphonyl c h lo r id e  ( l . l l  g . ? O.OO58 mole) v^as added w ith  
shak ing  to  an ic e -c o o le d  s o lu tio n  o f  l - p h e n y l - l - ^ - t o l y l J - p r o p a n - l ?3- d io l  
(1 .41  g »9 O.OO58 mole) in  d ry  p y r id in e  (15 m l . ) .  The r e a c t io n  m ix tu re  was 
sw ir le d  frequerib ly? k e p t in  i c e - s a l t  f r e e z in g  m ix ture  f o r  1 ho u r? and th en  
k e p t in  a r e f r i g e r a to r  o v e rn ig h t. The s o lu tio n  developed a p a le  brown 
c o lo u r . Ic e  (12 g . ) and w ater (5 m l.)  were added9 fo llow ed  by e th e r  (300 ml.). 
The e th e r e a l  s o lu t io n  was poured on to  ic e  (100 g » )9 w ater (200 m l.)  and 
3 H -su lphu ric  a c id  (50 m l. ) 9 and the  m ix ture  was r a p id ly  shaken. The o rg an ic  
la y e r  was se p a ra te d  and was washed q u ick ly  w ith  w a te r (25 m l. ) 5 51° aqueous 
sodium carb o n ate  s o lu tio n  (3 x 30 m l.)  and ic e - c o ld  w a ter (3 x 30 ml*)§ 
th e  f i n a l  w ashings had pH 7* The e th e r  was removed by d i s t i l l a t i o n  under 
reduced  p re s su re  a t  room tem p e ra tu re . The r e s id u a l  v isco u s  o i l  (1 .6 3  g*9 
71$)3 tu rn e d  g reen  a t  about 70° and decomposed (Founds C? 73*8? H? 6 , 9?
S, 5 . 5 5 . C alc, f o r  C ^ H ^ O ^ s  C, 69. 65? H, 6.1? S, 8 . 1$ ) .
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The p re p a ra t io n  o f th e  to luene-j> -su lphonate  was re p e a te d  on a 0.0075 
m olar s c a le .  The p ro d u c t (1 .9 0  64$) was o b ta in e d  as  a v isco u s  o i l .
(Founds C, 72.951 H, 6.75? S, 8 .O5 . C alc, f o r  C ^H ^O  S.« C, 69. 65  ^ H, 6*1$
S, 8 .1 $ ) .
(xv) R eduction o f 3 -Ify d ro x y -3 -p h en y l-3 --(o -to ly l)-p ro p y l Toluene-_py su lphonate  
to  1- P h e n y l - l - ( o - to ly l ) - p r o p a n - l - o l
(These p re lim in a ry  experim ents were perform ed 011 th e  crude sample o f 
3-h y d ro x y -3-p h e n y l-3- ( o i- t o l y l  )-p ro p y l to lu en e -j> -su lp h o n a te ) .
A s o lu tio n  o f th e  to luene-jD -su lphonate  (3*93 g« 9 0 .0093 m ole) i n  e th e r  
(100 m l.)  was added drop?/ise to  a  s t i r r e d  s lu r r y  o f  l i th iu m  aluminium
•3
hydride  (1 .2 4  g«? 0.0326 mole) i n  e th e r  (50 m l.)  over — hour. The m ix ture  
was h e a te d  under r e f lu x  f o r  4 h o u rs , coo led  and th e n  decomposed by th e  
a d d it io n  o f  ic e  (30 g . ) ,  w a ter (20 m l.)  and ic e - c o ld  3N -su lphuric  a c id  
(50 m l .) .  The combined e th e r e a l  e x t r a c ts  were washed w ith  w a te r (3 x 10 m l.) , 
0.5®-*sodium hydroxide (3 x 50? 2 x 10 m l.)  and ? /a te r (3 x 30 m l .) ,  and d r ie d  
(Na^SO^). Removal o f  th e  so lv e n t y ie ld e d  a m ix ture  ( l .5 0  g . ) o f o i l  and 
s o l id ,  which gave a n eg a tiv e  t e s t  f o r  su lp h u r (L a ssa ig n e ) . The s o l id  cou ld  
n o t be s e p a ra te d  from th e  o i l ,  n o r cou ld  th e  o i l  be induced  to  c r y s t a l l i s e .
A s im ila r  experim ent in  which an e th e re a l  s o lu t io n  o f  the  su lphonate  
( 5*62 g . , 0.0143 mole) was t r e a t e d  w ith  li th iu m  aluminium h y d r ^ d  (1 .75  £• > 
O.O46I  m ole), gave a m ix tu re  (3 .33  g») which cou ld  no t be s e p a ra te d .
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(x v i)  A ttem pted P re p a ra tio n  o f  l-P h e n y l- l- (_ o - to ly l) -p ro p a n - l- -o l 
from Propiophenone and £-Brom otoluene
A G rig n a rd 're a g e n t was p rep a red  from o-brom otoluene (17-1 g-? 0 .1  mole) 
and magnesium (2 .4 3  g - 9 0 .1  g .-a to m ) in  e th e r  (200 m l .) .  To th e  reag en t a t  
room tem peratu re  propiophenone (12 .08  g - 9 0 .09  mole) in  e th e r  (50 m l.)  was 
added over ■— hour. A w hite  s o l id  se p a ra te d  and th e  m ix tu re  was h ea ted  under 
r e f lu x  f o r  f iv e  h o u rs . The r e a c t io n  m ix ture  was coo led  and decomposed w ith  
ic e  (30 g . ) ? w a ter (50 m l.)  and 3R -hydroch lo ric  a c id  (50 m l .) .  The aqueous 
la y e r  was e x tra c te d  w ith  e th e r  (3 x 50 m l.)  and th e  combined e th e re a l  
s o lu t io n s  were washed w ith  w a ter (3 x 30 m l.)  and d r ie d  (Ha^SO^). Removal 
o f  th e  e th e r  gave a pale-brow n o i l  (2 0 .19  g - ) -  The in f r a - r e d  spectrum  
showed th a t  a carbonyl group was p re s e n t  in  th e  p ro d u c t. D i s t i l l a t i o n  o f 
th e  crude p ro d u c t ( l -5 g - ) gave th e  fo llo w in g  f r a c t io n s ?
( i )  b .p .  4 4 °/0 .1 5  mm. (O.44  g . ) 5 n ^  1.5297-
( i i )  b .p .  110° / 0 .15  mm. (0 .1 8  g. ) 9 n ^  1 . 5401*
( i i i )  b .p .  110-113°/0 .15  mm. (0 .4 9  g*)? £3^  1*5653-
F ra c tio n  ( i )  had a s tro n g  odour9 re m in isc en t o f  th e  o r ig in a l  ketone§ i t  
gave a p r e c ip i t a t e  (m .p. I 9O -I9O.5 0) w ith  B rady ’s re a g e n t. I n f r a - r e d  
a n a ly s is  confirm ed t h a t  ( i )  was propiophenone. F ra c tio n s  ( i i )  and ( i i i )  a lso  
gave a p r e c ip i t a t e  w ith  B rady’ s re a g e n t and th e  p resence  o f  a carbony l group 
in  th e se  f r a c t io n s  was v e r i f i e d  by in f r a - r e d  a n a ly s is .
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5* DETERMINATION OF THE ABSOLUTE CONFIGURATION OF 
g -  CY CLOHEXYL- g -  HYDROXY-PRQPIONIC ACID
N uclear H ydrogenation o f (40-B-Hvrdroxy-g-phenyl p ro p io n ic  A cid to  (+ ) -  
g -  Cy c l  o hexy 1 -g -h y d ro x y -p ro p io n ic  a c id
A suspension  o f p la tinum  oxide (0 .102  g . ) in  a s o lu t io n  o f 
(+ )-g -hyd roxy~ g-pheny lp rop ion ic  ac id *  (O .9S7 g. 9 0.00595 mole) in  A.R. 
g la c i a l  a c e t ic  a c id  (10 m l.)  was shaken under hydrogen u n t i l  a b so rp tio n  o f 
gas was com plete (3 hours^ 528 m l. a t  room tem p era tu re  and a tm ospheric  
p r e s s u re ) .  The c a ta ly s t  vra,s removed by f i l t r a t i o n  under g r a v i ty 5 and washed 
w e ll w ith  e th e r .  The combined e th e r  'washings and a c e t ic  a c id  m other l iq u o r  
were washed w ith  w a ter (3 x 10 m l.)  and d r ie d  (Na^SO^). Removal o f  the 
s o lv e n t3 under reduced  p re s su re  gave a s t ic k y  s o l id  (O .9O5 g . 3 88$)3 [a ]
+8.7° (o 2.67 in  e th a n o l) .  R e c r y s ta l l i s a t io n  o f th e  p ro d u c t from l i g h t  
pe tro leum  (b .p . 60-80°) y ie ld e d  c o lo u r le s s  n eed le -sh ap ed  c r y s ta l s  o f
-cy o lo h ex y l-g -h y d ro x y -p ro p io n ic  a c id  (0.315 g»)? m .p. 7 3 . 5- 74% [a ]  
+15*9° (fL 1*57 in  e th a n o l) .  F u r th e r  r e c r y s t a l l i z a t i o n  ( tw ic e )  o f  th e  
g -h y d ro x y -ac id  caused no a p p re c ia b le  change in  e i t h e r  th e  s p e c i f ic  r o ta t io n  
o r  th e  m e ltin g  p o in t .  (Founds C? 63.0^ H? 9*3. ^9^16^3 re(lu^r e s  82.75^
H, 9-35$)-
In  a d u p lic a te  experim ent (+ ) -g -h y d ro x y -g -p h en y lp ro p io n ic  a c id  
(O.489 g . j  0.00294 m ole) in  A.R. g la c i a l  a c e t ic  a c id  (6 m l.)  absorbed  266 
m l. o f  hydrogen in  2 j  h o u rs . The (+ )-g -cy c lo h ex y l-g -h y d ro x y -p ro p io n ic  a c id
* m .p. 116-117%  [a ]  +18.5° (c  4 .92  in  EtOH).
(O .I76 g . )  i s o la te d  as d e sc rib e d  above had m .p. 74°? [ a ]  +16 . 1° (c_0*89 in  
e th a n o l) .
6 . DETBBimATION OF THE ABSOLUTE CONFIGURATION OF 
g-HYDROXY-g-PHEiTYLBUTYRIC ACID 
P re p a ra tio n  of M ethyl g -R ydroxy-g-phenylbuyrate
An ic e - c o ld  e th e r e a l  s o lu t io n  o f d iazom ethane9 p rep a red  from 
to lu e n e -j^ su lp h o n y lm e th y ln itro sa m id e  ( 3.21 g . 9 0 .015 mole) was added po rtion - 
w ise to  a coo led  s o lu t io n  o f  g -h y d ro x y -g -p h en y l-b u ty ric  a c id  (1 .35  S* 3 
0.0075 mole) in  e th e r  (50 m l.)  w ith  a g i ta t io n .  The s o lu tio n  was k e p t a t  
room tem peratu re  f o r  2 h o u rs9 and th e  so lv e n t was removed under reduced
per
p re s s u re . M ethyl g -h y d ro x y -g -p h en y lb u ty ra te  (1 .4 4  g»? 100$)3 1 . 5048?
was o b ta in e d  as an o i l .  On be in g  coo led  i t  s o l id if ie d ^  i t  had m .p. 20° 9 
[ a ]  - 5 . 7 ° (c  0 .63  in  e th a n o l) 3 [a ]  +1 2 . 3° (c  O.49 in  c h lo ro fo rm )? and [ a ]  
+27.5° ( £ 0 .4 7  in  ben zen e).
H ydrogenolysis o f M ethyl g -H ydroxy-g -pheny lbu ty ra te
The o p t ic a l ly  a c t iv e  m ethyl e s t e r  (0.3017 g . ? O.OOI56 m ole) and Raney 
n ic k e l in  a b so lu te  e th an o l (10 m l.)  was h e a te d  under r e f lu x  f o r  4 ho u rs .
The c a ta ly s t  was f i l t e r e d  o f f  under g r a v i ty ? and washed w e ll w ith  a lc o h o l. 
The combined w ashings and m other l iq u o r  were c o n ce n tra te d  under reduced  
p re s su re  to  g ive  an o i l  (0 .237 g« 9 85$% Y/hich had [ a ]  -32*9° (c  1.17 in  
benzene) and [ a ]  - 26 . 6° (c  1 .1 2  in  e th a n o l) .
Methyl (3 -phenylbutyrate  was hyd ro lysed  by r e f lu x in g  i t  w ith  2.5U-- 
po tassium  hydroxide ( l  m l.)  and e th y l a lco h o l (3 m l.)  f o r  2 hou rs . A fte r  
a d d it io n  o f w a ter (5 m l .) ,  th e  a lco h o l was removed by d i s t i l l a t i o n  under 
reduced  p re s su re . {3-Phenylbutyric a c id  (0.2130 g . , 98$) was o b ta in e d  a s  a 
v isc o u s  o i l 5 i t  had [a ]  -1 6 .3 °  (jo 1 .0 7  in  benzene).
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